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INTRODUCTION 
The examination of urine is likened to the examination of a liquid tissue 
biopsy from the urinary tract. Urinalysis provides information and clues to 
many diseases and can also be an indication of the condition of a patient’s 
health. Amongst other uses, one of the important purposes of analyzing the 
urine sample is to evaluate kidney function and to detect diseases related to it. 
Patients with renal disease may present with specific symptoms or may 
sometimes be asymptomatic. Even in patients with nonspecific symptoms and 
severe kidney diseases, urinalysis serves as one of the early laboratory 
investigations to initiate treatment. 
Routine urinalysis is mainly done by inspection, chemical testing and 
microscopic examination of the urinary deposits which can have cells, casts, 
crystals or microorganisms. Traditionally microscopy has always been by 
manual methods. Manual examination of the urinary sediment even though 
considered a time tested and standard method is labour intensive, requires 
considerable time and this could lead to delays in results. Automation of 
urinalysis has been introduced to reduce the disadvantages of manual method. 
In this study, it is proposed to evaluate the results generated by an 
automated urine analyzer in patients with renal diseases and compare the 
results of microscopy obtained by automation with manual microscopic 
analysis. Simultaneously control samples from a population without known 
renal disorders will be studied. In addition, our study aims to find out the 
possibility of safely reducing the number of manual microscopy analyses by 
cross-interpretation of the results of the FUS-100 automated urine particle 
analyzer with manual methods.  
 
 
 
 
 
 
 
 
 
 
 
 
 
  
AIMS & OBJECTIVES 
 To evaluate the performance of an automatic urinalysis system -           
FUS-100 (which in cooperates an automatic urine chemistry analyzer 
H-800) manufactured by Dirui Industrial Co. Ltd., China.  
 
 To compare results from the automated sediment analyser to 
conventional manual urine microscopic analysis in patients with and 
without renal disorders. 
 
 To assess the reliability and accuracy of automated urine microscopic 
analysis with that of the manual method.  
 
 
 
 
 
 
 
 
 
REVIEW OF LITERATURE 
Urine is one of the most easily obtained specimens examined in the 
laboratory. The examination of urine constitutes a very valuable tool when 
examined carefully by an experienced person. It is a simple test which helps in 
the diagnosis of several renal diseases based on the presence of various 
abnormal substances in the urine. 
In combination with the history, clinical examination, and serum 
biochemical values, urinalysis plays a fundamental role in evaluating acute and 
chronic kidney diseases. Also, unusual results on routine urinalysis, often in an 
otherwise asymptomatic person, may possibly be the first indication of an 
underlying kidney disease. In some patients, the results of urinalysis can also 
be used to observe the course of the disease. 1  
URINALYSIS: 
The word ‘urinalysis’ comprises a few or all of the following; 1 
 Macroscopic assessment (colour, appearance) 
 Physical measurements (volume for timed specimens, specific gravity) 
 Chemical reagent strip examination and  
 Microscopic examination 
The guidelines published by the Clinical and Laboratory Standards Institute 
(CLSI) states that microscopic urine examination need not necessarily be done 
reflexly as a routine, but should be done only if laboratory protocols depending 
upon physician requests and patient populations call for the performance of this 
examination. A laboratory could choose to perform a two step procedure 
wherein the dipstick test is used as a screening procedure to decide on further 
microscopic urinalysis.2 
URINE SEDIMENTS:  
Microscopic sediment analysis can identify cellular and noncellular 
deposits in urine which do not give any specific chemical reaction. It also 
provides confirmatory report regarding erythrocytes, white blood cells and 
bacteria. Both chemical analysis using reagent strips and microscopic 
examination of urinary sediments plays a major role in detecting several renal 
disorders.2 
As a routine, many laboratories examine the urine sediment only when 
there are abnormal dipstick results.3 Examination of the urine sediment is one 
of the most important laboratory tests which is easy to perform. However at the 
same time, it is also easy for someone who is not careful to miss significant 
findings. Also, a pathologist has to be conscious about the clinical significance 
of urinalysis, and also the common chemical abnormalities related to findings 
seen in microscopic analysis.1 
Urine sediments include all the insoluble formed elements that have 
accumulated in the urine during the passage from the kidney to the lower 
urinary tract.  
Cellular or organized elements can be obtained from the exfoliation of 
lining epithelium from the urinary system, as well as from white blood cells 
and erythrocytes. Both cellular and non cellular components form casts that are 
found within the tubules and collecting ducts.  
Crystals with varying significance can also be noted. Organisms like 
bacteria and fungi and tumour cells denote elements that are characteristically 
foreign to urine and when identified, additional investigations may be required. 
There is great variation in normal values for urine sediment reports and 
part of the reason has been because there has been no attempt made to quantify 
the sampling of the urine like the amount centrifuged or the volume of fluid in 
which the sediment is resuspended. No definite standardized method is used. 
With the help of the nephrologist and the renal pathologist, many laboratories 
defined their own reference values for releasing reports.1, 2,4 
MICROSCOPIC ELEMENTS IN URINE SEDIMENT: 
Erythrocytes:   
An occasional red blood cell may be seen in normal urine sediment, but 
when a large number of them are found it is always pathological. If a urine 
sample has   >3 cells/high power field it is considered abnormal.1,8 To 
understand the cause of haematuria, it is important to identify the site of 
bleeding. When red blood cells are present in any significant number, there will 
always be concurrent proteinuria as well. 
 The cells may be of normal shape and size of approximately 7 µm in 
diameter. In dilute urine, the red cells swell and become round. In hypertonic 
solutions they may appear crenated. Red blood cells in alkaline urine get lysed 
and appear as colourless circles. They are called “ghost or shadow cells’’. 
These cells are frequently seen in aged urine. 
Dysmorphic erythrocytes are nothing but distorted or misshapen cells 
that indicate glomerular damage. The detection of dysmorphic red cells 
requires phase contrast microscopy. 1If one find casts and especially ‘blood 
casts’ in which red blood cells are embedded in the protein matrix then it is 
clear that the source of erythrocytes and protein is from the kidney itself. 
Bleeding from the lower urinary tract will lead to the presence of only red 
blood cells but not casts.  
The red blood cells are often mistaken for other elements in the urinary 
sediment. They are yeast cells, fat droplets, calcium oxalate crystals and air 
bubbles. 1,8 
The results from the reagent strip method should always be taken into 
account as these strips are highly sensitive. A positive strip test and absence of 
erythrocytes in the urine sediment indicates the presence of haemoglobin or 
myoglobin in the urine. 
  
Conditions causing haematuria: 1 
 Renal diseases : 
Glomerulonephritis 
            Renal stones 
            Infection 
 Tuberculosis 
           Interstitial nephritis. 
   Lupus nephritis 
            Ischaemia 
            Renal vein thrombosis 
            Renal injury 
            Hydronephrosis 
           Polycystic kidney 
 Tumours 
 
 
 
 Lower urinary tract diseases: 
Infection 
Stricture 
Calculus 
Tumours 
Chemotherapeutic drugs induced haemorrhagic cystitis.1 
 Extrarenal causes: 
 Exercise  
 Acute appendicitis 
 Salpingitis 
 Fever 
 Parasitic infections like malaria 
 Subacute bacterial endocarditis 
 Polyarteritis nodosa  
 Malignant hypertension 
  Bleeding disorders  
 Vitamin C deficiency and colo-rectal cancers. 1 
Drug toxicity with sulfonamides and anticoagulant drugs 
Leukocytes: 
A few pus cells are seen in normal urine (<5/ high power field). This 
expression generally refers to the presence of neutrophils. Leukocytes appear 
as granular spheres and are fragile.1 This causes them to disintegrate in older 
urine because of thin cytoplasm. When they are present in the large numbers 
(pyuria) they denote some inflammation or infection in the urinary tract or in 
the female, contamination with genital secretions. 1 
When they are degenerated they may be seen in clumps. When 
leukocytes are present in large numbers, there is nearly always some 
proteinuria. If casts especially leukocyte casts and granular casts are seen, the 
source of the leukocytes is the kidney. The presence of casts together with the 
leukocytes differentiates upper from lower urinary tract infections.  Leukocytes 
may be confused with erythrocytes or epithelial cells hence it is essential to 
differentiate these cellular constituents of the urine. 
Other leukocyte sediments: 
Glitter cells: They are large swollen neutrophils in hypotonic urine with 
glittering appearance due to the brownian movement of the granules.1,8 
Eosinophils: They are difficult to distinguish from polymorphonuclear 
neutrophils.  They are usually associated with drug induced renal damage. To 
prove the presence of eosinophils, cytocentrifugation along with a Hansel 
special stain is said to be the choice of procedure. 1.8 
 
 
 
Lymphocytes and other mononuclear cells: 
A few small lymphocytes are commonly present in normal urine. In patients 
with transplant rejection these cells are increased in number. Monocytes and 
histiocytes are seen during radiotherapy and chronic inflammation. 
Epithelial cells: 
Normally a few epithelial cells (3-5/high power field) are found in the urine 
sediment due to continuous exfoliation of senile cells from the urinary tract.  
These may originate from any site in the genitourinary tract from the proximal 
convoluted tubules to the urethra or vagina. The cells are of three types:  
 Squamous cells- From the urethra, or the vulva and vagina in women 
 Transitional cells- Pear shaped or round cells from the urethra, bladder, 
ureters or pelvis of the kidney. Changes in these cells can be noted in radiation 
therapy and malignancy. 
 Tubular epithelial cells - Small round cells. Their presence signifies serious 
damage to the renal tubules and destruction of renal tubules. Groups of tubular 
epithelial fragments in urine is a sign of disruption of basement membrane. 
Oval fat bodies: The typical feature of lipiduria in nephrotic syndrome is 
absorption of lipid by tubular epithelial cells as well as histiocytes. Lipids may 
also be excreted as free fatty droplets in urine. 
 
Pigment in Renal Tubular Epithelial Cells: 
Haemoglobinuria or myoglobinuria - yellow-brown granules.  
Melanuria- melanin granules (melanoma metastasis) 
Bilirubin pigment may be seen within the epithelial cells. (eg: liver diseases) 
CASTS: 
Casts are formed in the lumen of the tubules of the kidney. The renal 
tubule secretes a mucoprotein called Tamm-Horsfall protein, which is believed 
to form the basic matrix of all casts. 
Cast can form as a result of, 
1) Precipitation of Tamm-Horsfall protein 
2) Clumping of cells or other material within the protein matrix 
3) The adherence of cells or cellular material to the matrix 
 Site of casts formation – Generally in the distal and collecting tubules 
(cast formation requires acidic medium and high solute concentration). 
 Alkaline urine dissolves the casts. 
 Usually casts have nearly parallel sides and rounded ends. They may be 
convoluted, straight or curved.  
 
 
 
CLASSIFICATION OF CASTS:1 
Matrix 
 
Hyaline—variable size 
Waxy—often broad in use 
Inclusions 
 
Granules—proteins, cell debris 
Fat globules—triglycerides, cholesterol esters 
Haemosiderin granules 
Crystals—uncommon 
Melanin granules—rare 
Pigments 
 
Haemoglobin, myoglobin, bilirubin,  
Drugs 
Cells 
 
Erythrocytes and red blood cell remnants 
Leukocytes—neutrophils, lymphocytes,  
monocytes, and histiocytes 
Renal tubular epithelial cells 
Mixed cells—erythrocytes, neutrophils  
Whenever protein is detected, the urinary sediment should be examined 
for the presence of casts. This helps to understand if the proteinuria is of renal 
origin or not. 
  
Hyaline casts: 
These are colourless and semitransparent and they are soluble in acetic 
acid.  A few such casts are identified in normal urine when it is examined 
quantitatively. Casts are not usually seen in microscopic examination of a 
random normal urine specimen. They may be found in large numbers in the 
urine of patients with various diseases of the kidneys, prolonged exposure to 
heat, cardiac failure and dehydration. 42 
Waxy casts: 
They resemble hyaline casts, but they are much more easily visible, 
opaque and are homogeneous rather than transparent. They have a dull, waxy 
appearance. They are considered to be the result of degeneration of granular 
casts.  Broad waxy casts are recognized as renal failure casts. They are seen in 
late stages of nephritis and renal transplant rejection. 
CELLULAR CASTS: 
Red blood cell casts: 
These are casts with visible erythrocytes embedded in a protein matrix. 
Presence of red cell casts is always pathological. They are commonly seen in 
glomerulonephritis, IgA nephropathy, SLE and renal ischaemia. 
 
 
Leukocyte Casts: 
They are refractive and show granules. Identifiable polymorphonuclear 
leukocytes as well as some degenerated pus cells are embedded in the protein 
matrix. These are found in suppurative conditions of the kidney like 
pyelonephritis and also in glomerulonephritis. 
Epithelial cell casts: 
These casts rarely appear in the urine. Their presence indicates tubular 
degeneration and necrosis. They may also be seen in injury due to nephrotoxic 
agents or viruses and in severe chronic renal diseases. 
INCLUSION CASTS: 
Granular Casts: 
Granular casts are hyaline casts covered with granules. The granules 
may be fine or course. The granules are due to the disintegration of white blood 
cells or epithelial cells of the tubules with incorporation of the cellular debris in 
the coagulating protein. Granular casts are not found in normal urine and hence 
their presence always indicate renal  dysfunction. 
Fatty Casts: 
They are formed by incorporated free fat droplets or oval fat bodies. 
These are not normally found and are derived from degenerating epithelial 
cells. They are frequently seen in nephrotic syndrome, heavy metal poisoning 
and glomerulonephritis. 
Crystal Casts: 
They are formed from the deposition of crystals in the tubules and 
accompanied by haematuria. 
Broad Casts: 
They have a diameter two to six times more when compared with 
regular casts. Observation of broad casts specifies tubular dilation and/or 
prolonged stasis in the collecting duct. Almost all types of casts can undergo 
transformation into broad forms, however they are characteristically seen in 
patients with chronic renal failure. Presence of these casts is a sign of poor 
prognosis. 
Telescoped Sediment: 
  This term is used to express the concurrent occurrence of elements of 
glomerulonephritis as well as nephrotic syndrome in the same urine.  
CRYSTALS: 
Crystals are also termed as unorganized sediments. When there is 
change in the solubility of salts which is present in the urine precipitation may 
occur. This is likely due to the altered pH or temperature change. The majority 
of crystals that are noticed in the urine do not have much clinical importance as 
they are formed during prolonged storage. Because of this reason they are 
known as normal crystals.1, 8 
 It is important to recognize and differentiate the normal crystals from 
abnormal crystals. This is because the pathological conditions like cystinuria 
and drug toxicity can form abnormal crystals.        
Uric acid and urates: 
These are not found when urine is freshly passed, but tend to develop 
when the urine has been standing. Amorphous urates appear as reddish 
granules and they are dissolved by heating and addition of sodium hydroxide, 
but not by acetic acid. These are urates of sodium, potassium, magnesium and 
calcium. 1, 8 
Uric acid crystals vary in shape with a typical appearance of whetstone 
and are usually stained yellow brown. Other shapes are rhombic plates, rosette 
and hexagonal forms. They are not dissolved by heat, acetic acid or 
hydrochloric acid but are soluble when heated with sodium hydroxide.  
When coloured crystals are found in the urine, they are most likely to be 
uric acid crystals. Excessive deposits of uric acid and urates in fresh urine 
occur in disturbances of uric acid metabolism (chemotherapy). These are also 
seen in other conditions like gout, chronic nephritis, and acute febrile illness. 
 
 
Calcium oxalate: 
These are colourless and have a typical envelope shape. They also 
appear as oval spheres or biconcave discs with a dumbbell shape. These 
crystals may occur in acid or neutral urine. They are soluble in hydrochloric 
acid and insoluble in acetic acid.1, 8 
  On prolonged standing, they have a tendency to clump together and 
form renal stones. In addition calcium oxalate stones are seen in the urine after 
ingestion of tomatoes, garlic, orange and vitamin C, considering the fact that 
oxalic acid is a metabolic product of ascorbic acid.  
NORMAL ALKALINE CRYSTALS: 
Amorphous Phosphates: 
They are present in amorphous granular form and form white 
precipitates grossly. These are soluble in acetic acid. They have no clinical 
significance as they are commonly seen in older urine.1 
Crystalline Phosphates (ammonium magnesium phosphate): 
These are commonly called as triple phosphate crystals. They are 
colourless and appear as ‘coffin-lid’ crystals or as feathery or leaf like forms. In 
freshly passed urine they may indicate the presence of stones in the kidney or 
bladder. Phosphates may occur as amorphous deposits in alkaline urine and are 
soluble in acetic acid.1,8 
Dicalcium hydrogen phosphates: These may also appear in neutral or 
slightly acidic urine as well as alkaline urine. They are colourless prisms 
arranged in stars or rosettes. Because of the shape of the crystals they are 
sometime called ‘stellar phosphates’. The individual prisms are usually slender, 
with one beveled wedge like end but they are sometimes needle like. They are 
sometimes found as large, thin, irregular, usually granular plates and are 
soluble in acetic acid.1,4 
Calcium Carbonate: 
These may sometimes be mixed with the phosphate deposits usually as 
amorphous granules or more rarely as colourless spheres or dumbbell shaped. 
They are soluble in acetic acid with gas formation.1 
Ammonium Biurate: 
They appear as yellow brown crystals usually in the form of spheres 
with are often covered with fine or coarse spicules and are called as thorn 
apples. Upon addition of acetic acid and on heating they dissolve and rhombic 
plates of uric acid appear.1,9 
ABNORMAL URINE CRYSTALS: 
Cystine crystals: 
These are seen rarely. They occur as highly refractile hexagonal shaped 
plates. It is sometimes difficult to differentiate them from uric acid crystals. 
They are more soluble in hydrochloric acid and ammonia when compared with 
uric acid. They are found in patients with cystinuria and may form stones.1,7 
Tyrosine Crystals: 
They appear in the form of very fine needles usually arranged in sheaves 
with a marked constriction in the middle and are usually associated with severe 
liver diseases and tyrosinosis. They may appear black. They are soluble in 
ammonia and in hydrochloric acid but not in acetic acid.1,8 
Leucine: 
In the urine, they are slightly yellow, oily –looking spheres. Many of 
them show radial and circular striations. Some may be merged together as 
clusters. Leucine crystals may be seen in hepatitis and maple syrup urine 
disease. 
Sulpha crystals: 
Patients being treated with one of the sulphonamide group of drugs may 
show the presence of sulpha crystals in the urine.  They precipitate out as 
sheaves of needles and may be clear or brown in colour and usually appear 
with eccentric binding. These crystals vary greatly in shape and hence its 
formation can injure the renal tubules.1,11 
 
 
OTHER CONSTITUENTS:  
Bacteria: 
Normal urine, when fresh does not have enough bacteria to be seen in 
the usual microscopic examination. However some bacteria may be picked up 
by the urine in the lower urethra and at the meatus and if the urine is allowed to 
stand for some time they will multiply. Bacteria are recognized through direct 
smears stained with Gram stain. The presence of abundant bacteria suggests 
significant bacteriuria. If a patient has urinary tract infection, rod shaped 
bacteria will be present in large numbers and may be seen in the sediment 
along with leukocytes. In suspected tuberculous infection of the urinary tract, 
the presence of tubercle bacilli must be confirmed by culture and PCR.1, 14 
Fungi: 
They are smooth, ovoid variable sized yeasts (Candida) often with 
budding and may be found occasionally in urine.  Occasionally they may cause 
urinary tract infections in patients with diabetes mellitus. In females, the 
presence of fungi may suggest contamination by fungal vaginal infection.1,8 
Parasites: 
Infrequently one may find protozoal parasites (Trichomonas vaginalis) 
or ova (Schistosoma haematobium) or helminths (Enterobius vermicularis) in 
the urine. Strongyloides stercoralis and Giardia may also be noted.1,8 
 
Platelets:  
They may be present in haemolytic-uraemic syndrome.1,8 
Tumour cells:   
Even though the tumour cells are better recognized by cytologic 
techniques, the morphological variation of cells noticed in the urine sediment 
gives an index of suspicion regarding malignancy.1,8  
Spermatozoa:  
Rarely, a few spermatozoa may seen in the urine of male patients. 
CONTAMINANTS AND ARTIFACTS: 
It prevents the observer’s concentration from detecting the normal urine 
deposits like erythrocytes, casts and crystals. Contaminants and artifacts are the 
first elements which are wrongly identified by beginners as urine deposits 
during microscopic examination. 
 Starch crystals:  
These are found sometime in urine as round or oval and highly refractile 
crystals. They are usually obtained from the powder inside gloves.1,8 
Fibers : They may come from clothing or synthetic fibers and are highly 
refractile. 
 Air bubbles: may occur while placing a cover slip over the sediment 
 Oil droplets:  
They may resemble RBCs and globules of fat. 
 Talcum powder particles or glass fragments from the cover glass.1,8 
NORMAL SEDIMENT: 
 In general, urine will not have sediment and appears clear. However a few 
components may be seen in some urine samples routinely. They are: 
Constituent Range 
Red blood cells 0-3/hpf 
White blood cells 0-5/hpf 
Casts 0-2 hyaline casts/lpf 
Epithelial cells Few/hpf 
Bacteria, yeast  negative 
Abnormal crystals negative 
Sperms(males only) present 
hpf: high power field.    lpf: low power field. 
URINE FOR MICROSCOPIC EXAMINATION: 
Usually a random sample is one of the most common methods of 
collection for urinalysis. This type of specimen collection requires specific 
instructions to be given to the patient to avoid any contamination.1, 8 
The entire urine sample for routine analysis should be examined while 
fresh (within one to two hours of collection). When analysis of urine is 
delayed, it should be stored at 2-8º C in a refrigerator to avoid weakening of 
chemical and cellular substances and to prevent growth of bacteria.1, 8 
When a twenty four hour sample of urine is collected or a sample is to 
be mailed to a distant laboratory for examination, it is necessary to add 
preservative to the urine to prevent decomposition and contamination  
The specimen should be mixed well before the sample is taken for 
microscopic examination. Formed elements tend to settle and may be less in 
number or even missed if a sample is poured off from the top of a large urine 
sample.  
MICROSCOPIC EXAMINATION: 
Urine microscopy examination can be performed manually with 
centrifuged urine. Automated microscopic analysis may be done on non-
centrifuged urine. 
Manual urinalysis procedure:1,8 
For manual microscopic method, a centrifuged urine sample is used. The 
urine sediments made from the centrifugation are pipetted onto the 
microscopic slides and visualized by using low power and high power fields 
for recognizing and classifying the urinary particles. The results are then 
classified in a semi quantitative range and as positive or negative. 
Automated urinalysis: 4  
    A number of instruments have been introduced to partly or fully 
automate routine urinalysis. The following methods are used in urinalysis 
automation. They are: 
Semi-automatic urinalysis systems: (chemical strip analysis) 
This instrument allows the introduction of chemical test strips manually 
at short intervals. Transport, analysis, and clearance of the tested strips into an 
in-built rack are automatic. The results that are generated get saved 
automatically in the software memory and get printed out. 
Fully-automatic urinalysis systems: 
The most important approaches for the auto-quantification and 
categorization of urine deposits are Fluorescence Flow Cytometry, which 
engage the fluorophores to label the stained particles, and the Digital 
Microscopic Image based technologies.4,5 The urinalysis workstation has been 
introduced by the manufacturers by combining their microscopic analyzers 
with automated strip analyzers. Some of the recently introduced fully 
automated urine sediment microscopic devices are LabUMat- UriSed (77 
Elektronika Kft.Hungary),H800-Fus100 (Dirui, P.R. China), Sysmex UF-1000i 
(Sysmex Corporation, America) Iris iQ200 (Beckman Coulter). 
The UriSed centrifuges urine sample has unique preinstalled cuvettes, 
the particles are observed with a light microscopy, and each image is analyzed 
with image recognition software. In contrast to that, FUS100 (Dirui Industrial 
Co. Ltd., China) uses uncentrifuged urine to capture image of the sediments.5 
The test procedure and disposal of the used urine samples into an in-built 
container are fully automated.1,5 
In FUS 100, following the introduction of urine sample into the device, 
it gets aspirated and forms a single layer surrounded by a fluid (sheath fluid) 
provided by the manufacturer. Each particle will be aimed at the lens so that its 
largest area faces the lens when passing through, in concurrence with the 
sheath flow principle. The sediment is studied by a bright field microscope and 
digital camera which captures and categorizes 12 particle images based upon 
size and shape using image identification software. Within a stipulated time, 
the camera will capture 820 frames of images for each sample. 
  This is done when each view of the microscope is illuminated by the 
high speed flashing light source (40 times per second) so that all passing visible 
components will be captured. This is followed by displaying of the captured 
images. Each visible component image displayed on the screen is separated 
into a grid.5,25 
In 2007, Sysmex launched FDA approved automatic urine microscopic 
analyzer UF – 1000i. It gives counts related to leukocytes, red blood cells, 
epithelial cells, and microorganisms like bacteria. Even though it detects 
abnormal casts, crystals, yeast forms, and atypical cells, its specificity towards 
the differentiation of these particles has not been found to be optimal. Hence 
the results have to be confirmed by traditional microscopic methods.4 
The Iris diagnostics manufacturers introduced Iris iQ200, an upgraded 
automated device for urinalysis. This analyzer has digital imaging software 
which takes photographs of the particles (approximately five hundred frames) 
in a given sample. In addition, the particle recognition software within the 
analyzer differentiates the microscopic elements present in the urine and 
quantifies them. The particles which are recognized by the automation can be 
reclassified by the users by viewing the images taken by the instrument. This 
allows the operator to exclude the use of manual microscopy. However, the 
images displayed in the computer which comes along with the analyzer may 
vary compared to that of phase contrast microscopy. Keeping this in mind, 
technicians have been trained in in interpretational skills for operating this 
automated urine analyzer .4 
A newly introduced sediMAX (Menarini Diagnostics) automated 
analyzer was compared with conventional microscopic method for examining 
urine sediments. Following centrifugation of the aspirated urine through a 
distinctive cuvette, the urine sediments are allowed to form a single layer by 
the analyzer. The particles are analyzed by an in-built field microscope and a 
camera to recognize and classify fifteen particle images through their size and 
shape.4, 5 One of the main advantages of this analyzer is the installation of 
updated software which can be within the existing analyzers. The photograph 
of the particle taken by the imaging software can be zoomed and visualised. 5 
On the whole, compared to traditional microscopic methods automated 
devices are able to identify erythrocytes and white blood cells with more 
sensitivity. However, abnormal casts and renal tubular epithelial cells are often 
not detected (approximately 50% sensitivity).4 
COMPARISON OF MANUAL AND AUTOMATED URINALAYSIS: 
For routine urinalysis, majority of the laboratories perform chemical 
strip analysis and manual microscopy for urine deposits. Even though these are 
the time tested conventional methods, several disadvantages have been noted.5 
A number of pre analytical errors are possible like improper handling of the 
specimen, problems in centrifugation and transfer of centrifuged sediment onto 
the slide which can result in incorrect values.6 
Preanalytical phase: 
Sample characteristics 
The urine sent for microscopic examination should be analyzed within 
an hour from the time of voiding if the sample is at room temperature or within 
four hours if the sample is refrigerated to prevent lysis.4,5,11 However during 
refrigeration, precipitation of urates and phosphates can occur which can 
influence additional study on these substances following the test results.11 
Therefore, preparing a separate  aliquot  for urine samples which are not stored 
by refrigeration is important in differentiating urinary crystals.11 
As the manual method is time consuming, several efforts have been 
made to decrease the number of samples for urine microscopic analysis. This is 
mainly done by viewing the results from chemical strip analysis initially, 
followed by microscopic examination on the samples which have positive 
results.6,7 However there are reports in the literature regarding major losses in 
diagnostic yield brought about by simplifying investigative protocols.6, 7 
In one of the studies, a strong recommendation was made to have 
microscopic evaluation of urine as an initial assessment for all patients with 
renal damage.9,10 This suggestion was made because of high false negative 
results obtained with dipstick analysis in that study population of patients with 
hypertension.9 
For the traditional urine sediment analysis, about 10 ml volume of urine 
is required. Whereas fully automated urine analyzer needs 5ml to 5.5ml of 
urine.5 0.95 ml of urine is aspirated by FUS 100 automated device while 
UriSed aspirates 200μL .5 
Centrifugation: 
Any variation in the preparation of urine samples for manual 
microscopic examination will eventually affect the results in contrast to the 
chemical strip analysis which is not affected. It is known that different 
laboratories prepare urine sediments in different ways. One of the main reasons 
for error occurs while removing a portion of urine following centrifugation for 
sediment slide preparation. 11   
Loss of cellular components like red blood cells and white blood cells 
can occur following centrifugation which leads to incorrect results.11 When the 
quality of centrifugation and the quantity of components that may be discarded 
in the supernatent are taken into consideration, the ambiguity of traditional 
microscopic analysis can be as high as 100%. Even though manual microscopy 
is a standardized method, it usually gives uncertain values which precludes its 
eligibility as a reference method for quantitative measurements of urine 
sediments.11  
After centrifugation, the resultant sediment is transferred to microscopic 
glass slides or a counting chamber for estimation. The results obtained from a 
counting chamber are more accurate because of the larger volume used for 
assessment. The disadvantage is that it is a time consuming and labour 
intensive method. In contrast to this technique, differentiation of the particles 
appears to be easier when glass slides are used.11 
          When a laboratory that performs manual urine microscopy gets a request 
for microscopic examination of urine deposits, evaluation using glass slides is 
more suitable than using a counting chamber. The former conserves time and 
has the facility to stain slides. The use of phase contrast microscopy is an added 
advantage.11 
Even though there is deficiency of standardization, microscopic 
examination of urine sediment has the advantage of more accurate recognition 
of white blood cells, epithelial cells, red blood cells, casts and crystals.1, 4, 8 
However, inter-observer variability is a well recognized disadvantage in 
manual microscopy. 
Performance of an automated urinalysis for microscopic examination 
shows more satisfactory results. In automation more numbers of particles can 
be examined quickly when compared with manual evaluation. 1, 8 This is 
because, the automated analyzer examines the urine particles without 
centrifugation. The added advantage is the saving of time since the process of 
centrifugation itself takes an extra five minutes.1, 11  
The UriSed device, an automated microscopic analyzer, works by 
centrifuging the urine for ten seconds at 2000 rotations per minute in a 
specialized cuvette. 5 In Sysmex UF- 1000i, FUS -100 and Iris Diagnostics 
iQ200 the urine samples are analyzed without centrifugation or staining.5 
Method of analysis: 
In manual method, after centrifugation, the supernatant portion of urine 
from the centrifuged tube is discarded. A small amount of urine is kept for 
resuspension. This is followed by pipetting out the resuspended sediment onto 
a microscopic slide and the cover slipped slide is then analyzed using light 
microscopy.12 
In some studies, it is stated that the resuspended urine sediment can be 
poured onto the slides directly and a smear prepared, for examination after 
centrifugation.13 Care should be taken while placing the cover slip in order to 
prevent inclusion of air bubbles and contamination by glove powder. 1, 8 This 
method of directly pouring the sediment rather than pipetting it out ensures the 
examination of a greater volume of the sample. Further missing out on particles 
sedimented at the very bottom during pipetting can be avoided. 
   For microscopic urinalysis, Clinical and Laboratory Standards Institute 
recommends several factors which need to be considered during the 
standardization of the     procedure. 8, 11 These include: 
 Volume of urine: 
About 12 mL of urine is needed for routine analysis, though a range of 
10 to 15 mL can be used without significantly affecting the results. 1, 8 
The acceptability of a lesser quantity of urine sample and any variation 
in the test procedure is at the discretion of the individual laboratory. 11 
 Time of centrifugation:1 
Time suggested for centrifugation is five minutes for the manual 
method.11 
 Speed of centrifugation: 
Proposed relative centrifugal force for preparing urine sediment is 400 
g. Usage of a centrifuge brake is not recommended as the resultant 
shock would resuspend the formed elements resulting in a lower 
count.11 
 Concentration factor:1,8,11 
It is based on the quantity of urine used for centrifugation and the left 
over urine used for resuspension of the sediment after the decantation of 
the supernatant. 1, 8 
 Volume of examined sediment: 
It is recommended to measure the volume of urine sediment which is 
placed on the glass slide. This volume can be detected by standardized 
microscopic slides. Bright-field, phase-contrast or polarized light 
microscopy can be used with low- power as well as with high-power 
magnification.1, 8, 11 
 Reporting format: 
Reporting results for microscopic examination should be done using a 
proper universal format, terminology and processing techniques which 
is necessary for accuracy and precision. 1, 8, 11 
             In automated urinalysis, the uncentrifuged urine samples are placed in 
the sample rack provided with the analyzer. 1, 8The reproducibility of the results 
produced by an automated urine analyzer for the number of particles in a given 
urine sample is considered to be superior when compared with conventional 
microscopic analysis. 1, 8 
Introduction of flow cytometry into regular urinalysis has provided a 
vast improvement in fundamental urinalysis. Within a short time period, using 
only a minute quantity of uncentrifugated urine, an enormous amount of data 
regarding the various cellular elements can be generated. This major difference 
is because of the loss of variable quantities of elements in traditional manual 
methods due to several intermediate steps such as centrifugation and manual 
errors during counting. Furthermore, automation permits an enhanced 
standardization of particle examination.14 
        Not all the automated instruments use the same principle while 
categorizing and calculating the various sediments in urine samples.  
         Through the visible imaging software, the automated analyzer recognizes 
the particles quickly and classifies them using their shape, consistency and 
frequency domain.  Through this categorization, the visible particle 
concentration is estimated according to the number of images and the studied 
urine volume, so that it can be reported as number ‘per microlitre’ or ‘per low’ 
and ‘per high power’ view. 1, 8, 15 
Samples for analysis: 
           In automation, about twelve urine samples can be processed 
simultaneously compared to manual method which evaluates one sample at a 
time. 15 
 
Analytical phase: 
For particle analysis the manual method needs to have the following 
microscopic provisions for better accuracy: 
 Bright-field Microscopy: 1, 8 
           This is the traditional technique for examining the urine sediment and 
the most complex one available. To differentiate the urine elements and the 
background, regulation of light and correct positioning of the condenser is 
necessary.  The use of appropriate stain is required when this is the only 
method available on hand.1 
Phase contrast microscope: 1, 8 
             To differentiate transparent particles like hyaline casts from the 
centrifuged deposit which usually go unnoticed during light microscopy, this 
method is more useful. It sharpens the borders of the elements which are not 
visualized under routine microscope. There are a few microscopes available in 
the market which incorporates both phase contrast and bright field microscopy 
in the same instrument.1 
 Plane polarizing microscopy: 1, 8 
             Compared to other microscopes, this instrument is far superior in the 
recognition of crystals which makes it ideal for analyzing not only urine but 
also other body fluids including synovial fluid from joints.1,41 
Two principles control automated particle examination in the laboratory, 
1. Flow cytometry which uses the scatter, flow and impedance of elements to 
categorize them. 
2. Digital image analysis which takes photographs of the particles and displays 
it on a computer screen.5 
Traditional urinalysis may get affected by the quality of lighting at the 
work place or the differences in colour discrimination by the different users. 
Automation excludes observer variability and so the results are more 
standardized. 
            The automated equipment takes photographs at a rate of about forty 
frames per second resulting in a total of eight hundred and twenty pictures for a 
given sample within the stipulated time.5 
           While FUS-100 uses uncentrifuged urine, some automated instruments 
(UriSed) will centrifuge the urine sample automatically for ten seconds at 
2000rpm followed by recording and analysis of microscopic images obtained 
by scanning ten consecutive fields. 5 
     The first ever flow cytometry based automated urine analyzer, Sysmex 
UF -100, was manufactured by the TOA medical electronic company of Japan. 
The following flags were provided by the device to advice further evaluation of 
the sample: 16 
 High total count for particles 
 Very high or very low conductivity 
 Variations in RBC morphology 
 “Myoglobin?/lysed RBC?” or “haematuria?’’: in the presence of 
discrepancies between RBC count and hemoglobin concentration.   
 “Pathological cylinders?’’ :  >1 abnormal casts per microlitre 
 “Casts’’:  >3 hyaline casts per microlitre   
 “Old sample?’’ or “Sterile pyuria?’’ : discrepancies between the 
WBC and bacteria counts - bacterial counts are very low in the presence 
of high WBC counts which could indicate an older sample 
      It was found that there were an increased number of flags that indicated 
spuriously high RBC and WBC counts. The incorporation of dipstick method 
along with this device can reduce this limitation to some extent as a 
comparison between the two methods can clear up many confusing results.  
In addition, the morphometric identification of many of the cell types 
was poor with UF-100 compared to conventional manual microscopic 
technique.16 The next generation device, Sysmex UF-50, was endowed with an 
improved image analysis algorithm which was designed to give better 
morphometric reproducibility.Further, the results that used to be obtained in the 
form of scattergrams in the UF-100 were converted to numerical values by the 
UF-50 before presenting them to the operator.16  
The UF-100 could count and differentiate a maximum of 10,000 
particles from each urine sample, whereas the UF-50 could count up to 30,000 
particles with improved results. 16 
The much larger size of the UF-100 precluded its use in smaller 
peripheral laboratories, whereas the UF-50 was compact enough to be used in 
such settings.  
The newer device in this series, the UF-1000i, uses a fluorescence flow 
cytometry method, which is based on diode laser technology in combination 
with hydrodynamic focusing. In this technique, two different analytical 
channels stain the formed elements and bacteria with specific fluorescent 
dyes.4,16 The forward and side scatter emitted by the particles is recorded by a 
photodiode which is then converted into electrical signals. Three different data 
regarding each particle is obtained by this method: 4,16 
 Particle size from the forward scatter 
 Surface and internal complexity from the side scatter 
 Nucleic acid content from the fluorescence intensity 
By combining all three of these data, the device is able to classify the 
cellular and acellular components in urine with considerable accuracy.17                
The results are obtained in the form of scattergrams as well as numerical 
values. Approximate 100 samples could be processed by this instrument in one 
hour.16 
UF -100 used centrifuged urine samples compared to UF-50 which used 
uncentrifuged samples. This was attributed to the higher particle counts 
obtained with UF-100 since centrifugation will concentrate the particles in a 
smaller volume of urine. 16 
When compared with UF-50/ UF-100 which can store only about one 
thousand analyzed results, UF-1000i can store ten thousand sample results 
including scattergrams. 
The performance of the analyzer is usually monitored by internal quality 
control system and displayed on the analyzer screen in a Levy-Jennings 
graph.23 
iQ 200: 
This device manufactured by Iris Diagnostics, uses a total of 3ml of 
sample, of which 0.2 microlitres is used for particle analysis. A total of 60 
samples can be analyzed per hour by this instrument. Standardization requires 
the running of iQ focus, iQ positive and iQ negative samples each day before 
routine samples are run, This device uses flow cell digital imaging technique in 
combination with the automatic particle recognition software. This software 
has a neural network pattern recognition feature which uses the size, shape, 
contrast and texture of each of the particles imaged to categorize them into one 
of 12 categories. The higher counts obtained by this device compared to others 
have been attributed to the fact that this device resuspends any cell clumps 
formed in the sample by injecting a bolus of air into it. 18 Compared to manual 
methods, the recognition of hyaline cast have been better with this device. 18 
However, as a precaution it is suggested that the operator should review the 
images obtained for confirmation. Studies that have compared the results of 
manual counting using Fuchs-Rosenthal counting chamber with that of this 
device have suggested that, the values obtained using iQ200 for RBC, WBC 
and epithelial cells could be released without any need for review using manual 
methods. 18 This is because the device is able to discern dysmorphic RBCs and 
casts and classify them accordingly without significant error rates.19 
SediMAX (UriSed): 
This device is manufactured by 77 Electronika, Hungary. It uses the 
principle of image capture and analysis from a monolayer of urine produced 
after centrifugation of the sample. It centrifuges 200 microliters of sample at 
the rate of 2000 rpm (260 g) for 10 seconds which concentrates the cells and 
formed elements at the bottom of the cuvette. 20 
 It has a built in bright field microscope and a camera which captures 15 
images per sample at a magnification of 400X. The cuvette is washed before 
each specimen is sampled to avoid contamination. It can analyze up to 62 
samples per hour. 20 
If the urine sample has a very high concentration of particles, the device 
flags it as ‘crowded’ similar to FUS-100 which flags it as unclassified. Such 
samples will need to be reviewed by an experienced technician.  20 
The RBC, WBC and epithelial counts obtained from this device has a high 
correlation with manual microscopy.  
Limitations of this device include: 20 
 Higher RBC counts in the presence of yeast cells. This can be resolved 
by reviewing the images captured and stored by the device. 
 Inability to accurately distinguish between WBCs and tubular epithelial 
cells 
 Folded epithelial cells may be classified as casts which can again be 
rectified by looking at stored images. 
 Bright field microscopy used by the device does not allow a clear 
distinction between bilirubin casts and haemoglobin casts. 
 Calcium oxalate and triple phosphate crystals are better distinguished by 
this method compared to the other crystals. 
Whereas stored images from Sedimax can be used to review any flags or 
discrepancies, devices using flow cytometry like UF- 100 and UF-1000i do 
not have this option. Since they do not take pictures of the particles being 
counted, any review will require manual microscopy. 
SediMax stores urine chemistry as well as urine microscopy reports in the 
same database and provides them as an integrated report. 20 
FUS-100: 
FUS-100 adopts flowing microscopy imaging technology without the need 
for centrifugation and fluorescent dyes for quantitative and qualitative counting 
of particles present in the urine sample.  It classifies the urine particles into 
twelve categories [RBC, WBC, WBCC (white blood cell clumps), squamous 
epithelial cells, non-squamous epithelial cells, bacteria, unclassified crystals, 
hyaline casts, pathological casts (unclassified cast), yeast, sperm, mucus]. 5 
Any particle that cannot be classified by the analyzer is categorized as 
‘’unclassified’’. The operator must re-check the images of such particles and 
affirm an identifiable category for them by editing the screen manually.  
This analyzer incorporates: Sheath flow technique, high speed imaging 
technique and artificial imaging identification technique.5 
Sheath flow technique:  The sheath is an isosmotic fluid with the function of 
buffering of the urine. It also ensures that all the visible components of the 
urine are within the focus of the built in microscopic lens. 
Flat flow technique: It ensures that, each visible particle passing through the 
microscope lens and imaging camera is in the form of a single cell layer to 
avoid overlap. 
High- speed imaging technique: Each particle will be aimed at the lens 
with its largest area facing it, while passing through the flow cell, in 
accordance with sheath flow principle. When each view of microscope is 
focused with high-speed flashing light source, all the passing particles will 
be captured. 
Artificial imaging identification technique: This software immediately picks 
up the captured images and classifies them according to their, 
 Shape 
 Texture 
 Frequency domain. 
In one study, the FUS-100 red blood cell count values correlated well 
with that obtained from LabUMat-UriSed, while the latter is more sensitive in 
detecting leucocytes than the FUS-100. 5 
 Urinalysis in acute kidney injury: 
  Urinalysis is considered valuable in the distinction of the various causes 
of acute kidney injury especially in conditions like: 21 
 Acute glomerulonephritis 
 Pyelonephritis 
 Acute interstitial nephritis 
   One of the papers reviewed showed that granular casts and renal tubular 
epithelial cells can be helpful in the differentiation of acute tubular necrosis 
(ATN) and prerenal acute kidney injury. 21 They have used a scoring system 
based on the numerical values of these two particles and a score of more than 
or equal to 2 was considered a strong predictor of ATN. 21 
  Diagnostic importance of Urinalysis in haematuria: 
Haematuria can occur in glomerular as well as non-glomerular renal 
disorders. The presence of dysmorphic RBCs and erythrocyte casts indicates 
glomerular haematuria. In non-glomerular conditions, RBCs are monomorphic 
and do not form casts. To detect dysmorphic RBCs it is better to use phase 
contrast microscopy when compared to bright field. Phase contrast microscopy 
almost never gives a false negative result for dysmorphic RBCs. False positive 
results were far fewer compared to bright field microscopy. 22 This was 
concluded by a study that used the presence of 20% dysmorphic RBCs as the 
cut off for glomerular haematuria.22 The results were then confirmed with renal 
biopsy which is the gold standard for detection of cause for haematuria. Even 
so inter-observer variability is a major hazard with any form of manual 
microscopy and automation can help rectify this problem. 22 
Urinalysis in chronic renal diseases: 
According to the National Kidney Foundation guidelines, glomerular 
diseases are indicated by an increase in the excretion of albumin and total 
protein whereas urine   sediment examination and imaging techniques are 
valuable in the case of chronic renal failure.23   The presence of increased 
numbers of RBCs, leukocytes, or cellular casts in urinary deposits indicates 
acute or chronic kidney disease which needs additional work-up.  
    The guidelines states that: 
 RBCs, RBC casts and dysmorphic RBCs when present in the urine is a 
characteristic feature of glomerulonephritis. 
 Leukocyturia and WBC casts are usually associated with 
tubulointerstitial nephritis. 
 Presence of eosinophils in the urine may be seen in allergic 
tubulointerstitial nephritis.  
 Repeat urine sediment study may be needed when there is a strong 
suspicion of chronic kidney diseases with negative results.  
 Microscopic examination of urine or chemical strip analysis should be 
done for detecting erythrocytes and leukocytes in individuals with high 
chances of developing chronic kidney disease.  
 Although haematuria, pyuria and casts in the urine are one of the 
important features of chronic kidney diseases, their presence may not 
indicate a definitive diagnosis by itself.  
 In nephritic syndrome, urine sediment shows RBCs and RBC casts 
whereas fatty casts, oval fat bodies and RBC casts are more 
characteristic of nephrotic syndrome. 
According to some studies, though manual microscopy has a better 
specificity for morphologic identification for most of the particles in urine 
sediments, where quantification is concerned, automated methods may 
prove to be far superior. 
Studies suggest improvements in standardization of traditional 
microscopic method for analyzing the deposits in the urine by removing 
possible inter – technician variability during the interpretation of 
microscopic slides. 
Some automated machines have the facility to store both the results and 
pictures of the particles from which the results were produced to facilitate 
the easy recovery of such images and results whenever needed for review 
by the pathologist. They also provide flags when the results are ambiguous 
and need to be reviewed. The quality of the final results may be better as the 
urine samples can be analyzed more competently and nearer to the time of 
collection, decreasing the possibility of cell lysis or bacterial contamination. 
 
 
 
MATERIALS AND METHODS 
Type of study: 
This was a prospective observational study performed on urine samples 
received in the Clinical Pathology laboratory, Department of Pathology, PSG 
Institute of Medical Sciences and Research and analyzed during the period 
between September 2014 to August 2015. 
The study was started after getting approval from the Institution’s 
Human Ethics Committee. 
The results obtained from the automated devices present in the clinical 
pathology laboratory are sent to the laboratory information system (LIS).The 
laboratory information system combines and works in sequence along with the 
computerized hospital information system (HIS).  
Urine Specimens: 
 The collection of urine samples were performed at the collection centre (for 
outpatients) and at the respective wards for hospitalized patients (inpatients). 
For the purpose of this study a total of 500 randomly collected urine samples 
were examined within 1 hour of receipt. All the samples were collected 
exclusive of any preservatives.  
 The urine samples were collected in clean, dry and blue capped 50 ml 
containers used for urine chemistry and microscopy. 
 Urine sample containers received in the clinical pathology laboratory were 
accepted only if labelled with patient’s name, age, sex, hospital ID number and 
submitted along with duly filled requisition forms for urinalysis.  
 The study included patients with renal disorders and those suspected to have 
renal disorders based on abnormal renal function tests. 
 The clinical details and diagnosis related to all the urine samples were 
obtained from the test request forms. 
 Information on the renal function tests (Parameters: creatinine, urea, uric acid, 
blood urea nitrogen, protein, albumin, creatinine clearance, urea clearance, 
serum electrolyte levels) were obtained from the patients’ records maintained 
in the hospital information system of the PSG Hospitals during the study 
period. Abnormalities in the above mentioned parameters were considered to 
suggest renal disease. 
 After receiving the urine and confirming the identity of the sample, dipstick 
chemical strip analyses of the urine samples were performed using the 
automatic urine chemistry analyzer H-800. Results from the dipstick analysis 
were used as a screen for further microscopic urine analysis. An abnormal 
urine was considered as one in which any of the following parameters tested 
were out of range - blood, proteins, nitrites, ketones, urobilinogen, bilirubin, 
WBCs and glucose .The rest of the urine samples were considered as normal 
controls 
 The urine samples were mixed gently and transferred into two test tubes - 
approximately 5 to10ml for manual microscopy and 3 to 5ml apportioned to a 
disposable plastic tube for automated microscopic analysis. Each of these 
plastic tubes was labelled with a barcode which contained the unique 
laboratory number of each sample. 
Automated Urine Microscopy Analysis: 
 For performing automated microscopic analysis the FUS-100 manufactured 
by Dirui Industrial Co. Ltd., China was used. The FUS-100 comes along with 
the automated urine chemistry analyser called H-800. The H-800 aspirates and 
drops urine onto the reaction pad separately in order to avoid cross-colour 
contamination. After the incubation time, it reports 10 biochemical parameters 
semiquantitatively in the urine. For specific gravity, the results are quantitative, 
since the instrument uses a refractometer. This sample is then manually taken 
to the microscopic analyser. 
 Uncentrifuged urine samples were placed on the sample rack provided with 
the analyzer. The sample racks were loaded onto the FUS and the ‘start’ icon 
clicked to begin the automated analysis of the urine samples. 
 The Fus100 aspirates 0.95 mL of urine and at the end of one minute, the 
artificial intelligence identification software within the analyzer classifies the 
particles present in the given sample by capturing each of their images. 
 
These images are classified into twelve categories:  
 Red blood cells 
 White blood cells 
 White blood cell clumps 
 Hyaline casts 
 Pathological casts 
 Squamous epithelial cells 
 Non-squamous epithelial cells 
 Bacteria 
 Yeast 
 Crystals 
 Sperm 
 Mucus.  
 Using this classification the software calculates the visible component 
concentration by taking into account the number of images and the scanned 
urine volume.  
 All visible component images of a given urine sample are shown on the 
monitor in separated grids. 
 This can then be presented in the form of numbers/ low power or high power 
field. 
 The samples that have been tested will then be drained into the built in waste 
container. 
 Controls were run everyday before testing the urine samples - FUS Focus, 
FUS Positive Control, and FUS Negative Control were run according to the 
manufacturer’s instructions. 
 At the end of the day, a decontamination run is included as part of the shut 
down procedure.5 
Manual Sediment Microscopy: 
 The samples apportioned for manual microscopy were gently mixed and 
centrifuged in a centrifuge test tube at 1500rpm (400 × g) for five minutes and 
the supernatant was discarded. The microscope used was LEICA ATC 2000. 
  A drop from the remaining sediment was placed onto a microscope glass slide 
(75 mm x 25 mm x 1.35 mm) and covered by means of a cover slip (25 mm x 
25 mm).  
 Microscopic examination of the sediment was done initially under low power 
(10X) to identify casts and then high power (40X) was used for erythrocytes, 
leukocytes, crystals, epithelial cells, bacteria, yeast and other significant 
findings. These were recorded. 
 Since the number of particles varies in each field, an average of ten fields was 
taken and the results were calculated semi-quantitatively and expressed as a 
range. 
Semi- quantitative range classification of urine particles used for this study: 
Parameters Ranges 
Erythrocyte/ 
HPF 
0  −    5 6 −   10 11  − 20 21  −  30 > 30 
Leukocyte/ 
HPF 
0  −    5 6 −   10 11−20 21-30 >30 
Epithelial 
cells/ HPF 
0  −    5 6 −   10 11-20 21-30 >30 
Casts/LPF 0 -5 5-10 >10 
Crystals/ 
HPF 
Positive Negative 
HPF: High power field       LPF: Low power field 
  
Data entry: 
A master-chart was designed. For each of the urine samples which were 
recognized by a unique clinical pathology ID number, the following factors 
were noted: 
1)  Chemical analysis – Normal / abnormal 
2) Erythrocytes per high power field 
3) Leukocytes per high power field 
4) Epithelial cells per high power field 
5) Casts per low power field 
6) Crystals per high power field  
7) Renal function abnormality – Present/absent 
Data analysis: 
The manual microscopy results for white blood cells (WBCs), red blood 
cells (RBCs), epithelial cells, organisms, casts, yeasts, crystals and other 
significant findings were recorded on an Excel spreadsheet along with the 
results derived from the automated urine sediment analyzer.  
Among the randomly examined samples with renal function 
abnormalities, the microscopic sediments quantified from the manual method 
was compared with that of the automated analyzer. 
                  STATISTICAL ANALYSIS AND RESULTS 
  All the diagnostic test evaluation analyses like sensitivity, specificity, positive 
predictive values and negative predictive values for FUS-100 automated urine 
sediment analyzer and manual microscopic method were done using Medcalc 
statistical software & STATA statistical software package release 11. Simple 
calculations like percentages, proportions and mean values were derived. A 
type I error of 0.05 was considered in all analyses. 
RESULTS: 
A total of 16,425 urine samples were received in the Clinical Pathology 
division of the Department of Pathology, PSGIMS&R from September 2014 to 
August 2015 for routine urinalysis. Physical and chemical analyses including 
tests for detecting glucose, ketones, proteins, blood, urobilinogen, pH, specific 
gravity, haemoglobinuria, myoglobinuria, hemosiderinuria, bile salts and bile 
pigments were performed on these samples. Of these, a total of 500 urine 
samples were selected at random and these were taken as the study population. 
Among the 500 cases, 300 (60%) individuals did not have renal disease and 
they showed normal renal parameters in the blood. The remaining 200 (40%) 
patients were selected on the basis of the test request forms which contained a 
diagnosis of a renal disorder. This was supported by abnormal renal parameters 
in biochemistry. (Table 1 & Chart 1). We included both outpatient and 
inpatient urine samples.   
 
Table 1: Distribution of cases among the study population 
Results Cases Percent 
Normal 300 60 
Abnormal 200 40 
Total 500 100 
 
Chart 1: Distribution of renal function abnormalities and diseases 
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Table 2: Distribution of routine urine chemical analysis results in the 
study population 
Urine chemical analysis Total 
Abnormal 404 
Normal 96 
Total 500 
 
Among the 500 cases, we found a total of 404 cases with abnormal urine 
chemical analysis results and the remaining 96 cases did not exhibit any urine 
chemical abnormalities. (Table 2) 
Table 3: Relation of urine chemical analyses with renal function results 
amongst patients with renal abnormalities 
Urine chemical analysis Normal  RF Abnormal RF 
Abnormal 205 199 
Normal 95 1 
Total 300 200 
 
Out of 300 cases with normal renal function, 205 patients had abnormal 
urine chemical results which included any of the parameters tested - blood, 
proteins, nitrites, ketones, urobilinogen, bilirubin, WBCs, glucose and albumin 
.The remaining 95 cases of urine chemical analysis out of 300 were found to be 
normal. Among the 200 patients with renal abnormalities 199 cases showed 
abnormal urine chemistry and just one patient was an exception with normal 
chemistry results. (Table 3 & Chart 2). 
Chart 2 
     
For all the 500 cases, urine sediment examinations were done by using 
FUS-100 automated urine analyzer (Figure 1-4). All the particle counts 
generated by FUS -100 were checked by manual microscopy (Figure 5- 37). 
The microscopic analysis was done within an hour from collection of the 
sample. 
0
50
100
150
200
250
300
Normal  RF
Abnormal RF 
205
199
95
1
Normal urine 
chemical test 
Abnormal urine 
chemical test 
The FUS-100 takes one minute/sample for giving urine microscopic 
results. This is in contrast to manual microscopy which takes a minimum of 8 
to 10 minutes.  
The following are the results for the various constituents of the urine 
sediment examined through automation and with manual microscopy. 
Table 4: Area under the curve for RBCs- comparison between the 
Automated and Manual methods 
RBC AUC Standard 
error 
95% CI Z P Value 
Automated 0.8763 0.0159 0.8441 to 0.9038 23.7 <0.01 
Manual 0.8648 0.0167 0.8312 to 0.8937 21.9 <0.01 
 
The area under the curve for detecting RBCs by FUS-100 is 0.8763 
which is higher compared to manual method 0.8648 which is statistically 
significant (Table 4). This result signifies that FUS-100 analyzer is better at 
detecting RBCs when compared with the manual method. Both methods had a 
P value of < 0.01 indicating high statistical significance for AUC between 
study population with and without abnormal renal function. (Table 4). This 
result signifies that FUS-100 analyzer is better at detecting RBCs when 
compared to the manual method. 
Table 5:  Sensitivity & Specificity of Automated & Manual method for 
RBCs 
RBC Criteria Sensitivity 95% CI Specificity 95% CI 
Automated >1 86.5 81.0 - 90.9 83.61 78.9 - 87.6 
Manual >1 82 76.0 - 87.1 84.48 79.8 - 88.5 
 
The sensitivity (true positive) of automated urine analysis in detecting 
RBCs is more (86.5%) when compared to the manual method the sensitivity of 
which is 82%.  However, the specificity (true negative) for detecting RBCs 
through manual method is 84.48% which was found to be higher than that of 
FUS-100 (83.61%) (Table 5, Charts 3 & 4). For detecting RBCs in case of 
renal disorders and abnormalities, a highly sensitive method is required. 
Though FUS-100 is highly sensitive, it is unable to identify morphological 
variations of RBC’s e.g.dysmorphic RBCs. 
  
Chart 3: Area under the curve for RBCs- Automated 
 
Chart 4: Area under the curve for RBCs- Manual method 
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Table 6: PPV (Positive Predictive Value) & NPV (Negative Predictive 
Value) of Automated & Manual methods for RBCs 
RBC PPV 95% CI NPV 95% CI 
Automated 78 71.9 - 83.2 90 86.1 - 93.5 
Manual 79 72.3 - 83.9 87 82.7 - 90.9 
 
The positive predictive value is said to be the percentage chance 
that the particle recognized in the given sample by a method is an actual 
particle present in the urine. Of the 500 samples, the positive predictive 
value for detecting RBCs by the manual method is 79% whereas with 
FUS-100 analyzer it is 78% (Table 6). This is because the FUS-100 
classifies calcium oxalate crystals, yeast, and sometimes amorphous 
urates as RBCs. This therefore requires reclassification.  
  According to the statistical analysis, the negative predictive value 
(% chance that the particles which are not recognized in the given urine 
sample by a method are truly not present in that sample) for detecting 
RBCs by automated FUS-100 is higher (90%) than with manual 
microscopy which is 87% (Table 6). 
 
 
Table 7: Area under the curve for WBCs, Automated vs. Manual method 
WBC AUC Standard 
error 
95% CI Z P Value 
Automated 0.6568 0.0218 0.6130 to 0.6986 7.21 <0.01 
Manual 0.6524 0.0216 0.6083 to 0.6946 7.04 <0.01 
 
In the 500 samples analysed, the AUC for WBCs is 0. 6568 by FUS-100 
while with manual method it is 0.6524. This result shows that the accuracy of 
both methods in detecting WBCs is good though it is slightly higher for FUS-
100. Both methods had a P value of < 0.01 indicating high statistical 
significance for AUC between study population with and without abnormal 
renal function.( (Table 7, Charts 5 & 6). 
  
Chart 5: Area under the curve for WBCs- Automated 
 
Chart 6: Area under the curve for WBCs- Manual method 
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Table 8: Sensitivity & Specificity of Automated & Manual methods for 
WBC count 
WBC Criteria Sensitivity 95% CI Specificity 95% CI 
Automatic >1 50.5 43.4 - 57.6 79.25 74.2 - 83.7 
Manual >1 48 40.9 - 55.2 80.28 75.2 - 84.7 
 
Of the 500 samples, automated analysis with the FUS-100 showed 
increased sensitivity for WBCs (50.5%) when compared to the manual method 
(48%). However we found a higher specificity for WBCs (80.28%) with the 
manual method when compared to the automated method (79.25 %).  The 
automated analyzer is able to identify WBCs present in the given urine sample 
and classify them more accurately than the manual method. However, 
sometimes the analyzer recognizes epithelial cells, RBCs and crystals as 
WBCs. Hence automated microscopy with the FUS-100 is less specific in the 
detection of WBCs when compared to the manual method (Table 8). 
 
Table 9: PPV (Positive Predictive Value) & NPV (Negative Predictive 
Value) of Automated & Manual methods for WBCs 
WBC PPV 95% CI NPV 95% CI 
Automated 62 54.4 - 69.8 70 64.9 - 75.1 
Manual 63 54.6 - 70.4 69 63.8 - 74.0 
 
Of the 500 samples, the positive predictive value for detecting 
WBCs by manual method is higher (63%) than with FUS-100 analyzer 
which is 62% (Table 9). The negative predictive value for detecting 
WBCs by automated FUS-100 is 70% whereas for manual microscopy it 
is 69% (Table 9). 
Table 10: Area under the curve for squamous epithelial cells, Automated 
vs. Manual method 
Epithelial Cells AUC Standard 
error 
95% CI Z P Value 
Automatic 0.5141 0.0119 0.4681 to 0.5598 1.19 >0.05 
Manual 0.5124 0.0076 0.4648 to 0.5597 1.63 >0.05 
 
  
Chart 7: Area under the curve for squamous epithelial cells, automated 
method 
     
Chart 8: Area under the curve for epithelial cells, Manual method: 
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Table 11: Sensitivity & Specificity of FUS-100 & Manual method for 
detecting squamous epithelial cells 
Epithelial Cells Criteria Sensitivity 95% CI Specificity 95% CI 
Automatic >1 8.08 4.7 - 12.8 94.6 91.3 - 96.9 
Manual >1 3.66 1.5 - 7.4 98.82 96.6 - 99.8 
 
In our study population, in people without any renal abnormality, nearly 
92.7% were detected to have epithelial cells (within a range of 0 to 5) by 
automated microscopy whereas only 84.7% were detected to have them by 
manual method. In people with renal abnormalities, nearly 99% were detected 
to have epithelial cells (within a range of 0 to5) by automated microscopy 
whereas only 95.5% were detected by the manual method. The comparison 
between the other given semi-quantitative ranges of epithelial cells between 
manual and automated method was not statistically significant (p > 0.05) 
because nearly >90% of the total study population had epithelial cells in the 
range of 0 to 5 in their urine. Only a very small number of cases had epithelial 
cells in the rest of the semi quantitative categories (6 −10, 11−20, 21−30,>30) 
making it impossible to compare them statistically (Table 10 & 11)                 
(Chart 7 & 8). 
  
Table 12: PPV (Positive Predictive Value) & NPV (Negative Predictive 
Value) of Automated & Manual methods for epithelial cells 
Epithelial Cells PPV 95% CI NPV 95% CI 
Automated 52 33.1 - 69.8 59 54.4 - 63.7 
Manual 70 32.8 - 94.1 58 52.9 - 62.4 
 
The specificity of manual method in recognizing epithelial cells was 
98% and positive predictive value was 70%. However FUS-100 had a better 
negative predictive value which was 59 %. (Chart 7 & 8, Table 12). 
 
Table 13: Distribution of other cells in the study population 
Others Automated Manual 
 Normal RF Abnormal 
RF 
Total Normal 
RF 
Abnormal 
RF 
Total 
Urine 
without other  
particles 
16 0 16 34 0 34 
Bacteria 283 199 482 265 199 464 
Yeast 1 1 2 1 1 2 
Total 300 200 500 300 200 500 
  
In the 500 cases studied, the automated urine analyzer detected bacteria 
in 482 (96.4%) cases, whereas in the manual method bacteria were found to be 
present in 464 (92.8%) cases. Among the 482(96.4%) cases detected by          
FUS-100, 283(94.3%) cases detected positive for bacteria were patients who 
did not have any renal abnormalities, whereas in the manual method such cases 
constituted only 88.3% (265). Both the methods detected yeasts which were 
noted in two cases. This shows that automated microscopy is more efficient in 
detecting bacteria when compared to the manual method whereas yeasts were 
detected with equal accuracy by both the methods. (Table 13 & Chart 9). 
However since simultaneous cultures were not done in any of the cases studied, 
it is not possible to determine if these bacteria are contaminants or clinically 
significant. 
Chart 9: Distribution of other cells in the study population 
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Table 14: Distribution of casts & crystals by both methods in relation to 
renal function 
 
 
 
CASTS/CRYSTALS AUTOMATION MANUAL 
Normal 
RF 
Abnormal 
RF 
Total Normal RF Abnormal RF Total 
Nil 267 159 426 273 158 431 
Ammonium Biurate 0 6 6 0 6 6 
Amorphous Urates 0 1 1 0 1 1 
Calcium Carbonate 0 2 2 0 2 2 
Cholesterol crystals 0 1 1 0 1 1 
Calcium Oxalate 1 18 19 1 18 19 
Uric acid crystals 0 4 4 0 4 4 
Sulfa crystals 0 1 1 0 1 1 
Triple phosphate 
crystals 
0 4 4 0 4 4 
Hyaline casts 32 3 35 26 3 29 
Granular casts 0 1 1 0 1 1 
Waxy casts 0 0 0 0 1 1 
Total 300 200 500 300 200 500 
Chart 10: Automated vs. manual method in detecting Ammonium Biurate 
         
 
 
 
Among the 200 patients with renal abnormalities, Ammonium Biurate 
crystals were detected in 6 patients by both automated and manual methods. 
However, the FUS-100 classified these particles as “unclassified” or along with 
WBC’s. This was recognized by manually reviewing the analyzer's picture 
screen (Table 14 & Chart 10). 
Chart 11 
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Among the 200 cases with renal abnormalities, 
  One case had amorphous urates. 
 Two cases had calcium carbonate crystals. 
 One case had cholesterol crystals. 
 Four cases had uric acid crystals. 
 One case had Sulfa crystals. 
 Four cases had triple phosphate crystal and these were recognized by 
FUS-100 as well as by the manual method, but the automated analyzer 
classified these crystals as “unclassified” (Table 14 & Chart 11). Also 
the FUS-100 analyzer classified some of the amorphous urates and 
calcium carbonates as RBCs which were reclassified while reviewing 
the analyzed images. 
Chart 12 
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19 patients of the 500 studied were found to be positive for calcium 
oxalate crystals. Of the 19 cases, one case was not associated with renal 
abnormalities. The remaining 18 positive results were obtained in patient with 
renal abnormalities and in patients suspected to have renal diseases. The 
automated FUS-100 analyzer was able to detect all 19 cases with calcium 
oxalate crystals just as the manual method (Table 14 & Chart 12). 
 
Chart 13: Automated vs. manual methods for granular cast detection 
 
 
Among the 200 cases, one patient was found to have granular casts in 
the urine in the range of 0 to 5 per low power field, and this was detected by 
both FUS100 and the manual method (Table 14 & Chart 13). 
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Chart 14: Comparison between automated and manual methods for 
detecting hyaline casts 
 
 
Of the 500 cases, FUS-100 showed a total of 74 cases to have hyaline 
casts out of which only 35 cases truly had the casts. This is probably because 
the analyzer recognizes folded squamous epithelial cells and mucus as hyaline 
casts. Out of the 35 truly positive cases, 3 cases were seen in patients with renal 
abnormalities in the range of 6-10. However, the manual method was able to 29 
cases of hyaline casts out of which 26 were in the range of 0 to 5 and the other 
3 cases in the range of 6 to 10. (Table 14 & Chart 14). 
 
When the manual method is pitted against the FUS-100, it can be 
concluded that identification of hyaline casts by the automated analyzer is 
better. This is because of the in-built particle recognition software in FUS-100 
which identifies hyaline casts better when compared to the manual method 
(searching for casts and microscopic adjustments needed).  
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However, FUS-100 categorizes most of the detected casts and crystals  
as “unclassified’’ making it essential for the operator to review the images on 
the screen before releasing the reports from the analyzer. 
 
Waxy casts was noted in a patient by manual microscopy, whereas 
automated analysis failed to recognize it (Table 14). 
 
 
 
 
 
 
 
 
 
 
  
Figure 1: Photograph of automatic urinalysis system (FUS-100/H-800) 
 
Figure 2 : Screen shot of work list displayed on the computer 
connected to the FUS-100 urine sediment  analyzer 
  
Figure 3 : Screen shot of classified urinary particles  displayed on the    
computer connected to the FUS-100 urine  sediment  analyzer 
 
Figure  4 : Screen shot of captured images in full screen  
(FUS-100 urine  sediment  analyzer) 
 
Figure 5  :   Classified RBCs (FUS-100) 
Figure  6  :  RBCs and squamous epithelial cells  (manual method) 
 
  
Figure 7 :  Classified WBCs ( FUS-100 ) 
 
Figure 8 : WBCs and bacteria(manual method) 
Figure  9 : Classified squamous epithelial cells (FUS-100 ) 
 
  
Figure 10  :  Waxy casts (manual method) 
 
      
 
  
Figure 11  : Hyaline cast 
(FUS- 100) 
 Figure 12: Hyaline cast  
(Manual Method) 
Figure 13   :  Granular casts that appear in the unclassified casts category 
(FUS-100) 
 
Figure 14 :  Granular casts (manual method) 
 
       Figure 15 : Ammonium biurate crystals that appear in the      
unclassified crystals category (FUS-100) 
 
Figure 16 : Ammonium biurate(manual method) 
 
Figure 17 : “Unclassified” calcium carbonate  crystals( FUS-100) 
 
Figure  18 : Calcium carbonate( red arrow) and cholesterol crystals  
(green arrow) - manual method 
 
 
Figure  19  : Triple phosphate crystals in “unclassified”( FUS-100) 
 
Figure 20 : Triple phosphate crystals (manual method) 
  
Figure 21 :  Triple phosphate crystals 
in “unclassified”(FUS-100) 
 
 
 
 
 
 
 
 
 
 
Figure 22 : Triple phosphate crystals 
(manual method) 
  
Figure 23 : Uric acid crystals (FUS-100) 
Figure 24: Uric acid crystals (manual method) 
  
Figure 25 : “Unclassified” calcium oxalate crystals (FUS-100) 
 
 
Figure 26: Calcium oxalate crystals (manual method) 
Figure 27 :  Sulfa crystals (FUS-100) 
 
Figure  28  :  Sulfa crystals (manual method) 
  
Figure 29: Bacteria(FUS-100) 
 
Figure 30 : Bacteria(manual) 
  
Figure  31  : Yeast (FUS-100 ) 
 
 
 
 
 
 
 
 
 
 
 
Figure 32: Yeast( Manual method)  
 
  
INCORRECT CLASSIFICATION BY FUS-100 ANALYZER 
 
Figure 33  : Calcium oxalate as RBC 
 
Figure 34 : Squamous epithelial cells and mucus as hyaline casts 
Figure  35  : Hyaline casts as mucus(arrow) 
 
 
 
 
  
Figure  36  : Mucus as  
hyaline casts 
Figure 37  : Yeasts - 
 unclassified category   
DISCUSSION 
Urinalysis is one of the earliest methods used to screen and detect 
patients with kidney diseases. It also helps to monitor and assess the severity of 
the disease process in already diagnosed patients.35 Routine urinalysis 
continues to be an important investigation ordered by physicians and performed 
by the clinical pathology laboratory.  
In many laboratories urinalysis is composed of only chemical strip 
analysis which is a cost-effective widely accept screening method. However 
one cannot afford to ignore the role of microscopic examination of the urine 
that gives valuable information to the clinicians dealing with patients with renal 
disorders.25 It is a rapid, easy to perform and cost effective method. Microscopy 
plays a vital role in routine urinalysis and gives more information when 
analyzed together with chemical strip tests. However, better results can be 
obtained only with the use of standardized techniques for this procedure.25 
Clinical and Laboratory Standards Institute (CLSI) recommends users to 
measure the volume of urine sediment which is used for microscopic 
examination.11, 36   After centrifugation, the upper portion is discarded leaving 
behind a small amount (about 1ml) of urine along with the sediments. This 
should be ideally measured and then poured onto the slides for examination. 
The rationale is that there is a uniform quantity of sediment that is examined 
thus leading to less errors in the identification and the quantitation of the 
constituents.  
For manual microscopic method, light microscopy is used routinely to 
identify urine particles through proper adjustments of the condenser and 
diaphragm as we did for this analysis.11 According to international guidelines, 
in order to obtain better results counting chambers must be used for calculating 
the number of the various cells, crystals and casts in the urinary sediment.25 
Even though counting chambers are not routinely used by many laboratories, 
some studies have stated that semi-quantitative method for urinalysis is 
effective in day to day practice. 25  
For proper classification of particles like hyaline casts and RBCs with 
low haemoglobin, the international guidelines suggest the use of phase contrast 
microscopy.  Guidelines recommend using polarizing microscopy for particles 
like lipids and crystals which are not able to be recognized properly through 
light microscopy. 25  
The results of microscopic examination may be influenced by improper 
collection and handling of urine. Manual microscopy of the urine may be 
affected by preanalytical variables such as the speed and time for 
centrifugation, sediment preparation and interpretation all of which may lead to 
imprecise and inaccurate results. The interpretation of the various constituents 
of the urine sediment also has a subjective element in that the counting of the 
various constituents in the urinary sediment is a semi quantitative exercise. For 
a reliable urine microscopy report, the examiner should have the capacity to 
recognize the constituents of the urine sediment correctly and possess 
knowledge about the clinical importance of detecting substances in urinary 
sediments.25 
With the introduction of automation in all spheres of clinical laboratory 
practice, it is no wonder that in the recent past companies have come out with 
instruments that automate urine microscopy. 25 
There are a number of instruments offering automated urine analyses 
now available in clinical laboratories. These include the IRIS iQ200, the 
UF1000i, sediMAX and more recently the DIRUI FUS -100 Series urine 
sediment analyzer.4 
 However, there are only a few studies that have compared the results from 
automated urine analyzers and microscopic methods in parallel.5 These studies 
have been aimed to determine whether automation in urinalysis would suit the 
department’s needs and the needs of the users of the laboratory services.  
In this study, an attempt has been made to compare the FUS-100, an automated 
urine microscopic analyzer manufactured by Dirui Industrial Co. Ltd., China 
and conventional urine microscopic analysis for the diagnosis of renal 
disorders. 
The samples included in this study were fresh samples examined within one 
hour of collection. However, in reality when there is delay in transport of urine 
samples they are processed after refrigeration.25 The reliability of results for 
such samples derived from the FUS analyzer have not been studied and are 
unknown.  
For conventional urinalysis, 12ml of urine is needed.38 This is 
centrifuged and the suspension of urine sediments obtained in the end is 
deposited onto microscopic slides.4,5,11 For our study, the volume used for  
FUS-100 was approximately 5ml. This was tested without centrifugation. For 
manual microscopy we used approximately 10ml of urine which was 
centrifuged for obtaining sediments. 
Using the automated methodology for urinalysis helps to save time.39 
Manual examination of urine requires the sample to be centrifuged for five 
minutes after which it is examined, hence the total time may be close to 8 to 10 
minutes.4 It is thus advantageous that the FUS-100 uses urine samples for 
analysis which are not centrifuged. This therefore reduces the turn around time 
which in turn reflects on better patient management.  
The urine sediments were examined initially at low power and then high 
power. An average of ten high power fields is used for calculating RBCs, 
WBCs and epithelial cells and the results are given in a range. Casts on the 
other hand are counted under the low power objective.1, 5,26 The presence of 
crystals were noted as positive or negative.5,11,26   
 The FUS-100 is an imaging based system for routine identification of 
cells and particles in urine.5 Similar to the Iris iQ200, an automated urine 
particle analyzer, the individual images captured by the camera uses an 
artificial intelligence software in order to categorize the urine particles 
by means of size, shape, contrast and texture.4,5 Unlike sediMAX,(a 
digital imaging based instrument), which uses a unique cuvette for 
centrifugation FUS-100 uses uncentrifuged urine for analysis. 4 
 When there is increased number of erythrocytes in the urine it denotes 
the presence of renal or extra-renal diseases. The RBCs found in the 
urine can be either normal in shape similar to those found in blood 
(haematuria) or irregular shaped (dysmorphic cells).25 The 
differentiation of RBC morphology is important in the diagnosis of non-
glomerular and glomerular diseases.25 Patients with isolated haematuria 
can make a physician to think more about renal abnormalities instead of 
other related problems.25,41 
 In our study we found that the sensitivity for RBCs was better in FUS-
100 (86.5%) while the specificity for detecting erythrocytes was higher - 
84.48% in the manual method. Literature shows similar studies which 
have made a comparison of FUS-100 with UriSed and manual methods. 
These studies reveal higher sensitivity for detection and discrimination 
of RBCs with FUS-100 than with UriSed and manual method.5 
 Yuksel et al reported that FUS-100 shows high sensitivity (73%) and 
high negative predictive value for RBCs (95%) when compared with 
manual microscopy. Similar to their results, in our study we found  that  
the sensitivity (86.5%) negative predictive value (90%) and also AUC 
(0.8763) were higher for RBCs with FUS-100 which indicates minimal 
false negative results even though the possibility of false positive results  
are more when compared with manual microscopy.5 
 The automated analysers iQ200  and UF-100  recognize dysmorphic 
RBCs in their routine  urinalysis and this has been substantiated through 
studies.6,19 However this recognition is not possible with the FUS-100.  
 Leukocytes are routinely noticed in normal urine (upto 5 cells/hpf).1, 25 
The most common cause for its increase is urinary tract infection. 
However leukocytes may also be increased in association with 
interstitial nephritis and proliferative glomerulonephritis. 
 Our study had higher sensitivity for WBCs (50.5%) while comparing 
with manual method which was 48%. However the AUC for detecting 
WBCs by the FUS-100 was 0.6568 and better than AUC obtained by 
manual method which was 0.6524. Yuksel et al in their study stated that, 
the sensitivity for WBCs were high (82%) with UriSed when compared 
with FUS-100 (68%).However, the specificity was higher with FUS-100 
(89% versus 84%).5  
 From our study we have found that the FUS-100 has a higher sensitivity 
for RBCs and WBCs in comparison with conventional manual methods. In 
other words the FUS-100 can give false-positive results but it has low false-
negative results. Therefore it is necessary to review all pathological results.  
The urine contains different types of epithelium which includes non-
squamous epithelium- tubular epithelium, transitional epithelium and squamous 
epithelium. 25The presence of renal tubular cells in the urine indicates renal 
damage. 25 In our study we did not find tubular or transitional epithelial cells in 
any of the sediments analysed whether manually or through the automated 
method. More than one transitional cell is taken to be indicative of bladder 
carcinoma, renal calculi or hydronephrosis.25 Squamous cells are usually 
noticed in the urine due to contamination from genitalia. When associated with 
WBCs and bacteria in a woman, it is taken to indicate vaginitis.  
In our study we were able to detect squamous epithelial cells in the 
range of 0 to 5 cells/HPF more frequently with FUS-100 (99%) when 
compared with manual method (95.5%).  In the case of the iQ200, David et al 
in their study state that cell counts for erythrocytes, WBCs and epithelial cells 
correlate well with manual counts using counting chambers.18 A study made by 
Zahur et al has found a good concordance between the sediMAX, an automated 
urine analyzer which uses centrifuged urine and manual method for counting 
RBCs, WBCs and epithelial cells.20 They also found out that the AUC did not 
alter even after correcting the captured images for erythrocytes, WBCs and 
squamous epithelial cells.20 He concluded that manual review can be greatly 
reduced when the interpretation of automated analyzer is combined with 
chemical strip test. 20 
 
  Hyaline casts are normally present in the urine due to vigorous exercise 
or dehydration. Increased numbers in urine indicate pathological conditions 
likes acute glomerulonephritis and other renal diseases with proteinuria.1, 28 In 
our study, we found that the FUS-100 classifies 14.8% (74 cases) of particles 
as hyaline casts out of which only 7% (35 cases) were true hyaline casts as 
evidenced by microscopy. The stored images which were captured by the in-
built imaging system were also reviewed and the findings were in agreement 
with what was seen in the manual microscopy.  We found that only 7% were 
true hyaline casts which was still a better count than the 5.85% that was 
obtained with the manual method. 13,18,20 In one of the studies which used 
iQ200 automated analyzer and compared the results to counts using the Fuchs-
Rosenthal counting chamber, the classification of hyaline casts was better in 
iQ200 than with manual counts. This was similar to what we noted with regard 
to hyaline casts. The authors explain that the lesser number of casts identified 
by the manual method is due to the fact that these casts are transparent and 
proper light adjustments are required for their identification. It is possible 
therefore that these casts may be missed by the examiner.18   
 Out of the 35 cases in which these casts were recognized, three of the 
cases in which the casts were in the range of 6 to 10 per low power field 
had suspected renal diseases. The results were similar to that of the 
results obtained from the manual method. The falsely elevated hyaline 
cast count (14.8%) generated by the FUS-100 is due to the inclusion of 
folded squamous epithelial cells. This was also seen with other analysers 
like the sediMAX, iQ200 and UriSed, built imaging system. In              
FUS-100, the in-built particle recognition software recognizes RBCs and 
hyaline casts. However it does not classify them correctly at all times. 
This was because crystals like amorphous urates and calcium oxalates 
were recognized as RBCs and squamous epithelium and mucus was 
recognized as hyaline casts. Most of the casts and crystals were noted 
but were classified under the “unclassified” category. A trained 
technician was needed to inspect the screen to re-categorize particles 
when discrepancies were found.5 
 Granular casts formed from the lysis of the cells of cellular casts are 
usually associated with tubulointerstitial disease.28,40 We found that 
FUS-100 recognized granular casts in patient suspected to have renal 
abnormalities as did the manual method.  However, all granular casts 
were stored as “unclassified” and had to be reviewed to recognize these 
casts.  
 Waxy casts are usually associated with serious conditions of the kidney 
like chronic diseases and amyloidosis.28,40 These casts are formed within 
the collecting ducts due to renal stasis and tubular atrophy.28 In our 
study we found waxy casts in the urine of a patient with chronic renal 
failure. This was recognized by the manual method. However, the         
FUS-100 failed to identify this cast in the routine results or in the 
unclassified section.  
 Uric acid crystals may be a normal finding in urine. Increased uric acid 
crystals may be associated with hyperuricosuria and acute 
nephropathy.25   
A study in the literature reports diagnosing acute kidney injury due to 
tumour lysis syndrome in a known case of Acute Myeloid Leukaemia 
(M1).29 This diagnosis was made by noting the presence of uric acid 
crystals during urine examination. 29  
 In our study we noticed four cases with uric acid crystals in patients with 
abnormal renal function. All the four cases were recognized by both 
automated and manual microscopic method. 
  Presence of calcium oxalate crystals are a usual finding when there is 
dehydration or prolonged storage of urine. It can also be associated with 
hypercalciuria, hyperoxaluria, stone formation and ethanol poisoning 
causing acute renal failure .25 In one study, a diagnosis of acute kidney 
injury due to ethylene glycol poisoning was made by the identification 
of calcium oxalate crystals in urine microscopy. The urine microscopy 
results were available much earlier than the confirmatory blood test 
results.29,45 In our study these crystals were found in a total of 19 patients 
of whom 18 were found to have abnormal renal function.  Both the 
methods identified calcium oxalate crystals equally well. However, 
FUS-100 classified some of them as RBCs and “unclassified” and the 
diagnosis was made through review of the images.    
  Ammonium biurates: Crystalluria is more commonly seen in patients prone 
to stone formation. Ammonium biurate and calcium oxalate crystals are 
seen in large numbers in the urine. 31,32  Our study revealed, six patients who 
had abnormal renal function who had ammonium biurate crystals in their 
urine by both manual and automated urine analysis.  
 Amorphous urates: They are commonly seen with prolonged storage of 
urine. Also their formation is usually associated with increased excretion of 
uric acid into the urine due to high protein metabolism.30 Certain conditions 
like gout and uric acid stones are associated with urinary excretion of 
amorphous urates.30 In our study, we noticed one case in which both           
FUS-100 and manual microscopic method had identified these crystals. 
  Calcium carbonate: They are dumbbell shaped crystals which were 
noticed by FUS-100 just as well as the manual method.  
 Cholesterol crystals: Cholesterol crystals are abnormal crystals which 
are usually seen in the urine of patients with severe proteinuria. They 
can also be associated with lymphatic obstruction.25, 30 In our study we 
identified a urine with cholesterol crystals which was recognized 
immediately by manual microcopy compared with automated analyzer. 
The FUS-100 captured the image which was not clear and put it in the 
“unclassified” category. We could only recognise this as an abnormal 
crystal and this prompted us to review the urine by the manual method 
which confirmed the presence of cholesterol crystal.  This is in 
concordance with a study done by Cornelia et al in which the results 
from Sysmex UF-100 and KOVA cell chamber were compared. The 
authors state that for the correct identification of unknown particles and 
pathological casts, the manual method is still required for 
confirmation.17,37  
 Sulfa crystals: There are numerous drugs which cause crystal formation 
in the urine. These may cause haematuria, stones or acute kidney 
injury.28 Randy et al reported a case of sulphadiazine induced acute 
kidney injury in a patient with the history of renal transplant. They were 
able to diagnose it as drug induced injury by the presence of sulfa 
crystals rather than misdiagnosing it as rejection or acute tubular 
necrosis during the microscopic examination of urine, which was 
followed by rapid diagnosis and treatment which led to the patient's 
recovery.29  
  In our study, we noted sulfa crystals in the urine of a patient with renal 
abnormality which was recognized by automated analyzer as well as by 
manual method. This again was in the “unclassified” column of the 
analyser which was subsequently reviewed.   
 Triple phosphate crystals: They are seen in patients with triple 
phosphate stones that are formed in alkaline urine due to the action of 
urea splitting bacteria.31In our study, the automated analyzer was able to 
detect these crystals in the “unclassified” column and so also the manual 
method.  
 The FUS-100 identifies bacteria (99.5%) at a rate comparable with 
manual microscopic results (99.5%) in patients with renal abnormalities 
(200 cases). However bacteria were also present in the majority of the 
samples from patients without renal problems, suggesting contamination, 
hence the significance of this detection could not be analysed in this 
study. A study by Xiaozhou et al concluded that the bacterial counts 
analyzed by UF-1000i could be used to screen patients for urinary tract 
infections and to prevent unwanted urine culture.27,43,44  
 In one of the co-relational studies between the IQ200 analyzer and 
counting chamber, David et al found that the yeasts were classified 
under “RBCs” which led to false increase in erythrocyte counts and 
required review by the technician for correction.18 In our study, we 
noticed that the FUS-100 classified yeasts as “BYST”, however some of 
the yeast cells were classified under erythrocytes especially those that 
appeared singly.  
 This study reveals that even though the FUS-100 was able to recognize 
and classify RBCs, WBCs, and squamous epithelial cells, all the crystals 
and casts other than hyaline casts are categorized as “unclassified” by 
this analyzer. This therefore  requires  technical  assessment of the 
components of the urine sediment. This observation was also reported in 
the study done by Yuksel et al.5 and by Wah DT et al who recommend 
that a technician review the captured images by the  iQ200 analyzer for 
all casts, WBC clumps and yeasts for confirmation.18  
 Giovanni et al,state in their article that automated analyzers when 
compared with manual methods generated better results with respect to 
RBCs, WBCs, squamous cells, some crystals and organisms like 
bacteria. 25 However they fail to identify constituents of the sediment 
like lipids and renal tubular epithelial cells  which are more significant 
in the diagnosis of renal disorders.25,46 
 Chien TI et al stated that even though the Sysmex UF-100 and IRIS 
iQ200 have good concordance between them for identifying urine 
particles, manual microscopy is necessary for identifying casts and 
crystals since both the automated analyzers did not recognize and 
classify these properly.33,47 All the above studies support our 
observations with the FUS-100. 
 The inability to identify casts in automated urine microscopy is an 
intrinsic limitation of this technology.34 Hence in the study by          
Yasemin U et al comparing the performance of three analyzers- Iris 
iQ200, Sysmex UF-1000i and the UriSed LabUMat the authors suggest 
that  combining the results of urine dip stick analysis and automated 
particle analyzers can be used as a screening method for routine 
urinalysis and it reduces any inter-observer variability.34,48 
 In order to eliminate the false positive results seen in automated urine 
microscopy a dedicated and well trained technician is required for the 
urinalysis workstation to visualize and correct the wrongly labelled cells 
and to classify the images shown as abnormal casts or “unclassified” 
before releasing the results.5,49,50 However, the results that were analysed 
in this study were unedited results from the analyser.  
 In spite of the fact that manual method we followed was not optimal as 
per the defined standards, the results from it were reliable. This proves 
that the time- tested manual urine microscopy still has a role to play in 
smaller laboratories in which the workload is less and the requirement 
for automated urine microscopic analyser cannot be justified. 
  
CONCLUSION 
 The FUS-100 automated urine particle analyzer performance is better 
than the manual microscopy for detecting RBCs, WBCs and squamous 
epithelial cells when compared with the manual method. Though it 
recognizes some crystals and casts, it fails to classify them. 
 In view of the fact that the classification of crystals and casts by the 
FUS-100 is not optimal, manual urine microscopy must supplement the 
urine examination especially in patients with abnormal renal function 
and abnormal urine chemical analysis. The correct identification of 
abnormal casts or crystals has some prognostic importance in patients 
with renal disorders. 
 Even though the automated urine microscopy analyser instruments are 
easy to handle and use, a well trained and dedicated technician is 
required to review all the captured images from the analyzer screen and 
classify them correctly. 
 Automation cannot completely replace microscopic sediment 
examination. However it can, when combined with dipstick testing, 
reduce the number of specimens submitted for microscopy. 
Conventional microscopy is still required for identifying dysmorphic 
erythrocytes, yeasts, Trichomonas, oval fat bodies, and for the 
differentiation of various casts and crystals. 
 Automated urine microscopy combined with dipstick results can be used 
as a screening procedure for large numbers of urine samples in places 
with a high workload.  
 Conventional microscopic urinalysis is influenced by preanalytical 
factors like centrifugation, preparation of the sediment and longer time 
for analysis. This may lead to inaccurate results. In contrast, automation 
of urine analysis decreases the turnaround time and is less labour 
intensive leading to better accuracy and precision. Preanalytical errors 
related to centrifugation and sediment preparation are prevented in 
automation. Automation of urine microscopy therefore is a more 
standardized procedure and makes urine microscopy a more objective 
investigation.   
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MASTER CHART 
S. 
NO 
LAB 
NO. 
CHEMICAL 
ANALYSIS 
METHOD RBC/hpf WBC/hpf EPITHELIAL 
CELLS/hpf 
CASTS/lpf CRYSTALS/hpf OTHERS/hpf RENAL 
FUNCTION 
ABNORMALITY 
YES/NO 
1 105484 AB AUTOMATED 2 3 2 - - B NO 
MANUAL 2 2 2 - - B 
2 105482 AB AUTOMATED 2 1 1 - - B NO 
MANUAL 2 1 1 - - B 
3 105473 AB AUTOMATED 1 3 1 HYALINE 
CA 
- B NO 
MANUAL 1 3 1   - B 
4 105767 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
5 105787 AB AUTOMATED 3 1 1 - CAL.CARB B YES 
MANUAL 3 1 1 - CAL.CARB B 
6 105783 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
7 112507 AB AUTOMATED 1 3 1 - - B NO 
MANUAL 2 3 1 - - B 
8 112480 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 2 1 1 - - B 
9 112430 AB AUTOMATED 1 1 1   - B NO 
MANUAL 1 1 5   - B 
10 112357 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
11 112479 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
12 112537 AB AUTOMATED 3 2 1 - AMMON.BI B YES 
MANUAL 3 1 1 - AMMON.BI B 
13 112515 AB AUTOMATED 2 1 1 - - B NO 
MANUAL 1 1 1 - - B 
14 112580 AB AUTOMATED 2 3 1 - - B NO 
MANUAL 2 3 1 - - B 
15 104011 AB AUTOMATED 2 1 1 - - B NO 
MANUAL 1 1 1 - - _ 
16 112571 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
17 104039 AB AUTOMATED 1 1 1 - - _ NO 
MANUAL 1 1 1 - - _ 
18 104011 AB AUTOMATED 1 1 1 HYALINE 
CA 
- _ NO 
MANUAL 1 1 1 HYALINE 
CA 
- _ 
19 111550 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 2 1 - - _ 
20 111551 AB AUTOMATED 1 1 - - - - NO 
MANUAL 1 1 - - - - 
21 111387 AB AUTOMATED 2 1 2 - CO B YES 
MANUAL 1 1 1 - CO B 
22 111440 AB AUTOMATED 1 1 - - - B NO 
MANUAL 1 1 - - - B 
23 111433 AB AUTOMATED 4 2 3 - - B YES 
MANUAL 4 2 2 - - B 
24 111427 AB AUTOMATED 5 5 1 - - B NO 
MANUAL 2 5 1 - - B 
25 111483 AB AUTOMATED 2 1 1 - CAL.CARB B YES 
MANUAL 1 1 1 - CAL.CARB B 
26 115017 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
27 115011 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 2 1 1 - - B 
28 114983 AB AUTOMATED 5 1 1 - - B YES 
MANUAL 5 1 1 - - B 
29 114995 N AUTOMATED 4 1 1 - - B NO 
MANUAL 4 1 1 - - B 
30 114975 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
31 114960 AB AUTOMATED 5 2 1 - - B YES 
MANUAL 5 1 1 - - B 
32 114972 AB AUTOMATED 1 1 - - - B NO 
MANUAL 1 1 - - - B 
33 114948 AB AUTOMATED 2 2 2 HYALINE 
CA 
- B YES 
MANUAL 2 2 1 HYALINE 
CA 
- B 
34 114947 AB AUTOMATED 1 1 1 - - B YES 
MANUAL 2 1 1 - - B 
35 114949 AB AUTOMATED 2 1 1 - URIC ACID B YES 
MANUAL 4 2 1 - URIC ACID B 
36 114959 AB AUTOMATED 5 5 1 - - B YES 
MANUAL 5 5 1 - - B 
37 114993 AB AUTOMATED 2 1 1 - - B NO 
MANUAL 2 1 1 - - B 
38 112575 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
39 115470 N AUTOMATED 1 1 2 - - B NO 
MANUAL 2 1 1 - - B 
40 115412 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
41 115478 AB AUTOMATED 5 5 5 - AMMON.BI B YES 
MANUAL 5 5 5 - AMMON.BI B 
42 115462 AB AUTOMATED 5 5 2 - - B YES 
MANUAL 5 5 1 - - B 
43 104001 AB AUTOMATED 1 1 - - - B NO 
MANUAL 1 1 - - - B 
44 104063 AB AUTOMATED 1 1 1 HYALINE 
CA 
- B NO 
MANUAL 1 - - HYALINE 
CA 
- B 
45 104081 N AUTOMATED 2 2 1 - - B NO 
MANUAL 2 2 1 - - B 
46 118360 AB AUTOMATED 5 5 1 - - B YES 
MANUAL 5 5 1 - - B 
47 104209 AB AUTOMATED 2 4 1 - TP B YES 
MANUAL 1 3 1 - TP B 
48 118371 AB AUTOMATED 5 5 5 - - B NO 
MANUAL 5 5 4 - - B 
49 118372 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
50 118368 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 - - - B 
51 118381 AB AUTOMATED 5 5 5 HYALINE 
CA 
- B YES 
MANUAL 2 5 1 HYALINE 
CA 
- B 
52 118399 AB AUTOMATED 1 1 1 - - B NO 
MANUAL - 1 - - - B 
53 118398 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - - 
54 118414 AB AUTOMATED 2 1 1 - - B NO 
MANUAL 2 1 1 - - B 
55 118721 AB AUTOMATED 4 - 1 - - - NO 
MANUAL 1 - 1 - - - 
56 118715 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
57 118741 AB AUTOMATED 3 5 1 - CO B YES 
MANUAL 1 5 1 - CO B 
58 118745 AB AUTOMATED 5 5 1 - - B NO 
MANUAL 2 3 1 - - B 
59 118749 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
60 125921 AB AUTOMATED 1 1 - - - B NO 
MANUAL 1 1 - - - - 
61 125938 AB AUTOMATED 1 1 1 HYALINE 
CA 
- B NO 
MANUAL 1 - - HYALINE 
CA 
- B 
62 125944 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
63 125915 AB AUTOMATED 3 1 1 - CO B YES 
MANUAL 3 1 1 - CO B 
64 125942 AB AUTOMATED 5 1 1 - - B YES 
MANUAL 4 1 1 - - B 
65 125996 AB AUTOMATED 5 5 5 HYALINE 
CA 
- B YES 
MANUAL 4 5 1   - B 
66 125973 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
67 126016 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
68 125988 N AUTOMATED 1 3 2 - - B NO 
MANUAL 1 3 1 - - B 
69 125418 AB AUTOMATED 2 1 1 - - B NO 
MANUAL 2 1 1 - - B 
70 125456 AB AUTOMATED 2 1 1 - - B NO 
MANUAL 2 1 - - - - 
71 125424 AB AUTOMATED 1 1 1 - - - NO 
MANUAL 1 1 - - - - 
72 125493 AB AUTOMATED 1 1 1 - - - NO 
MANUAL 1 1 - - - - 
73 125457 AB AUTOMATED 3 2 2 HYALINE 
CA 
- - NO 
MANUAL 2 2 1 HYALINE 
CA 
- - 
74 126026 AB AUTOMATED 1 1 - - - - NO 
MANUAL 1 1 - - - - 
75 126025 AB AUTOMATED 5 1 1 - - B YES 
MANUAL 4 1 1 - - B 
 
76 126033 N AUTOMATED 3 5 3 - - B NO 
MANUAL 2 3 1 - - B 
77 126103 AB AUTOMATED 5 1 1 - - B NO 
MANUAL 4 1 1 - - B 
78 126042 N AUTOMATED 2 5 1 - - B NO 
MANUAL 2 5 1 - - B 
79 133191 AB AUTOMATED 3 1 1 - AMMON.BI B YES 
MANUAL 3 1 1 - AMMON.BI B 
80 133197 AB AUTOMATED 1 1 - - - B NO 
MANUAL 1 - - - - - 
81 133195 AB AUTOMATED 2 5 1 - CO B NO 
MANUAL 2 4 - - CO B 
82 133199 AB AUTOMATED 5 2 2 - AMMON.BI B YES 
MANUAL 5 2 2 - AMMON.BI B 
83 133200 AB AUTOMATED 5 2 4 - - B NO 
MANUAL 5 1 - - - B 
84 133203 AB AUTOMATED 5 1 1 - - B YES 
MANUAL 5 1 1 - - B 
85 133204 AB AUTOMATED 1 1 1 - - B YES 
MANUAL 1 1 - - - B 
86 133206 AB AUTOMATED 3 5 1 - - B NO 
MANUAL 2 5 1 - - B 
87 133209 AB AUTOMATED 5 1 1 - - B YES 
MANUAL 4 1 1 - - B 
88 133212 N AUTOMATED 1 1 1 HYALINE 
CA 
- B NO 
MANUAL 1 1 1 HYALINE 
CA 
- - 
89 133245 N AUTOMATED 1 1 1 - - B NO 
MANUAL - 1 - - - - 
90 133243 AB AUTOMATED 1 1 3 - - B NO 
MANUAL 1 1 1 - - B 
91 133251 AB AUTOMATED 2 1 1 - - B YES 
MANUAL 2 1 1 - - B 
92 133275 AB AUTOMATED 5 5 - - - B NO 
MANUAL 1 1 - - - B 
93 133488 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
94 133494 AB AUTOMATED 5 2 1 - - B YES 
MANUAL 5 2 - - - B 
95 133480 AB AUTOMATED 5 5 1 - CO B YES 
MANUAL 5 3 1 - CO B 
96 133297 AB AUTOMATED 5 1 1 - CO B YES 
MANUAL 5 1 1 - CO B 
97 133296 AB AUTOMATED 1 1 - - - B NO 
MANUAL 1 1 - - - B 
98 133295 AB AUTOMATED 2 1 1 HYALINE 
CA 
- B NO 
MANUAL 1 1 1 HYALINE 
CA 
- B 
99 133262 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
100 133267 AB AUTOMATED 2 5 1 - - B YES 
MANUAL 2 2 1 - - B 
101 133313 AB AUTOMATED 1 1 - - - B NO 
MANUAL 1 1 - - - - 
102 133304 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
103 132833 AB AUTOMATED 1 1 1 HYALINE 
CAST 
- B NO 
MANUAL 1 1 1 - - - 
104 133330 AB AUTOMATED 3 4 4 - - B NO 
MANUAL 3 3 1 - - B 
105 133324 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
106 133444 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
107 133451 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
108 133422 N AUTOMATED 1 5 1 - - B NO 
MANUAL 1 3 1 - - B 
109 133438 AB AUTOMATED 3 5 1 - - B YES 
MANUAL 2 5 1 - - B 
110 133411 AB AUTOMATED 5 4 5 - - B YES 
MANUAL 2 2 1 - - B 
111 132675 AB AUTOMATED 5 1 1 - - B YES 
MANUAL 5 1 1 - - B 
112 132677 AB AUTOMATED 5 2 1 - - B NO 
MANUAL 4 2 1 - - B 
113 132608 N AUTOMATED 3 5 1 - - B NO 
MANUAL 2 3 1 - - B 
114 132728 AB AUTOMATED 1 3 1 - - B NO 
MANUAL 1 3 - - - - 
115 132726 AB AUTOMATED 1 1 1 HYALINE 
CA 
- B NO 
MANUAL 1 1 - HYALINE 
CA 
- B 
116 132791 AB AUTOMATED 1 - 1 - - B NO 
MANUAL 1 - - - - B 
117 132785 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
118 132837 AB AUTOMATED 5 1 1 - - B NO 
MANUAL 4 1 1 - - B 
119 132815 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
120 132862 AB AUTOMATED 3 2 2 - - B NO 
MANUAL 2 2 1 - - B 
121 132977 AB AUTOMATED 5 5 - - - B NO 
MANUAL 5 5 - - - B 
122 132976 AB AUTOMATED 1 1 3 - - B NO 
MANUAL 1 1 1 - - B 
123 133011 AB AUTOMATED 2 5 1 - - B YES 
MANUAL 2 5 1 - - B 
124 133044 AB AUTOMATED 5 5 1 - - B YES 
MANUAL 4 5 1 - - B 
125 132675 AB AUTOMATED 5 1 1 - - B YES 
MANUAL 5 1 - - - B 
126 132677 AB AUTOMATED 5 2 1 - - B YES 
MANUAL 4 2 1 - - B 
127 132680 AB AUTOMATED 5 2 1  - CO B YES 
MANUAL 5 2 -  - CO B 
128 134695 AB AUTOMATED 3 4 1 - - B NO 
MANUAL 2 2 1 - - B 
129 134671 AB AUTOMATED 5 5 1 - - B YES 
MANUAL 4 3 1 - - B 
130 134698 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 - - - - 
131 134685 AB AUTOMATED 1 1 2 - - B NO 
MANUAL 1 1 1 - - B 
132 134676 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
133 134717 AB AUTOMATED 1 - - - - - NO 
MANUAL - - - - - - 
134 134664 AB AUTOMATED 5 1 1 - - B NO 
MANUAL 4 1 1 - - - 
135 134659 AB AUTOMATED 1 1 - HYALINE 
CA 
- - NO 
MANUAL 1 1 - HYALINE 
CA 
- - 
136 134697 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 - - - - B 
137 134662 AB AUTOMATED 2 2 1 - - B YES 
MANUAL 2 2 1 - - B 
138 134813 AB AUTOMATED 5 1 1 - - B YES 
MANUAL 1 1 1 - - B 
139 134536 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
140 134529 AB AUTOMATED 1 1 - - - - NO 
MANUAL 1 1 - - - - 
141 134534 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
142 134796 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 - - - - 
143 134795 AB AUTOMATED 1 1 1 - - B NO 
MANUAL - 1 - - - B 
144 134794 AB AUTOMATED 1 1 1 - - B NO 
MANUAL - 1 - - - B 
145 134793 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - - 
146 134783 N AUTOMATED 1 1 1 HYALINE 
CA 
- B NO 
MANUAL - 1 - HYALINE 
CA 
- - 
147 134810 N AUTOMATED 1 1 1 - - B NO 
MANUAL - 1 - - - - 
148 134809 N AUTOMATED 1 1 1 HYALINE 
CA 
- B NO 
MANUAL - 1 - HYALINE 
CA 
- B 
149 134811 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - - 
150 133900 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - - 
151 133903 AB AUTOMATED 1 1 1 - - - NO 
MANUAL 1 1 1 - - B 
152 133875 N AUTOMATED 1 2 1 - - B NO 
MANUAL 1 2 - - - B 
 
153 133913 N AUTOMATED 1 5 1 HYALINE 
CA 
- B NO 
MANUAL 1 4 1 HYALINE 
CA 
- B 
154 133914 AB AUTOMATED 5 5 5  - CO B YES 
MANUAL 5 5 5  - CO B 
155 133962 AB AUTOMATED 1 1 1 - - - NO 
MANUAL 1 - 1 - - - 
156 133956 AB AUTOMATED 1 2 1 - - B NO 
MANUAL 1 1 1 - - B 
157 133918 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
158 133924 N AUTOMATED 3 2 2 - - B NO 
MANUAL 3 2 1 - - B 
159 133949 N AUTOMATED 1 2 1 - - - NO 
MANUAL 1 2 1 - - B 
160 133941 AB AUTOMATED 2 1 1 - - B NO 
MANUAL 1 1 1 - - B 
161 133976 N AUTOMATED 1 4 2 - - B NO 
MANUAL 1 3 1 - - B 
162 133967 AB AUTOMATED 1 - - - - - NO 
MANUAL 1 - - - - - 
163 133964 AB AUTOMATED 3 1 1 - - B YES 
MANUAL 3 1 1 - - B 
164 133969 AB AUTOMATED 3 1 5 - - B YES 
MANUAL 3 1 4 - - B 
165 134002 AB AUTOMATED 1 2 1 - - B NO 
MANUAL 1 2 1 - - B 
166 133977 N AUTOMATED 1 - - - - - NO 
MANUAL 1 - - - - - 
167 133987 AB AUTOMATED 5 1 2 - - B YES 
MANUAL 5 1 1 - - B 
168 133897 AB AUTOMATED 1 1 1 HYALINE 
CA 
- B NO 
MANUAL 1 1 1 HYALINE 
CA 
- B 
169 133996 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
170 134026 AB AUTOMATED 5 1 1 - - B YES 
MANUAL 5 1 1 - - B 
171 134009 AB AUTOMATED 3 5 2 - - B YES 
MANUAL 3 5 2 - - B 
172 133912 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
173 134030 AB AUTOMATED 3 5 2 - - B YES 
MANUAL 3 3 1 - - B 
174 134078 AB AUTOMATED 5 2 1   URIC ACID B YES 
MANUAL 3 1 1 - URIC ACID B 
175 134070 AB AUTOMATED 3 1 4 - - B YES 
MANUAL 1 2 1 - - B 
176 134077 AB AUTOMATED 2 1 1 - - B YES 
MANUAL 1 1 1 - - B 
177 134050 N AUTOMATED 1 4 2 - - B NO 
MANUAL 1 3 1 - - B 
178 134094 AB AUTOMATED 1 - - - - - NO 
MANUAL 1 - - - - - 
179 134102 AB AUTOMATED 3 1 1 - - B YES 
MANUAL 3 1 1 - - B 
180 134075 AB AUTOMATED 5 1 5 - CO B YES 
MANUAL 5 1 4   CO B 
181 134136 N AUTOMATED 3 1 1 HYALINE 
CA 
- B NO 
MANUAL 3 1 1 HYALINE 
CA 
- B 
182 134101 AB AUTOMATED 3 1 1 - - B YES 
MANUAL 3 1 1 - - B 
183 134038 AB AUTOMATED 2 5 1   AMMON.URATE B YES 
MANUAL 2 5 1   AMMON.URATE B 
184 134120 AB AUTOMATED 3 5 1 - - B NO 
MANUAL 3 5 1 - - B 
185 134109 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - - 
186 136837 AB AUTOMATED 2 5 1 - - B YES 
MANUAL 2 4 1 - - B 
187 136847 AB AUTOMATED 4 1 1 - - B YES 
MANUAL 4 1 - - - B 
188 136809 AB AUTOMATED 1 2 1 - - B YES 
MANUAL 1 2 1 - - B 
189 136813 AB AUTOMATED 2 1 1 - - B YES 
MANUAL 2 1 - - - B 
190 136787 AB AUTOMATED 2 1 1   CO B YES 
MANUAL 2 1 1   CO B 
191 136826 AB AUTOMATED 1 1 1   TP B YES 
MANUAL 1 1 1   TP B 
192 136852 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
193 136866 AB AUTOMATED 1 5 1 - - B YES 
MANUAL 1 4 1 - - B 
194 136865 AB AUTOMATED 1 4 1 - - B YES 
MANUAL 1 3 1 - - B 
195 136863 N AUTOMATED 1 1 - - - B NO 
MANUAL - 1 - - - B 
196 136861 AB AUTOMATED - 1 1 HYALINE 
CA 
- B NO 
MANUAL - 1 - HYALINE 
CA 
- B 
197 133558 AB AUTOMATED 1 1 - - - B NO 
MANUAL 1 1 - - - B 
198 136854 AB AUTOMATED 5 4 1 - - B YES 
MANUAL 4 3 1 - - B 
199 136817 AB AUTOMATED 5 1 1 - - - YES 
MANUAL 5 1 1 - - - 
200 136838 AB AUTOMATED 4 5 1 - - B YES 
MANUAL 4 5 1 - - B 
201 136796 AB AUTOMATED 2 2 - - - B YES 
MANUAL 2 2 - - - B 
202 136772 AB AUTOMATED 5 1 1 - - B YES 
MANUAL 5 1 1 - - B 
203 136770 AB AUTOMATED 2 2 1 - - B YES 
MANUAL 1 1 1 - - B 
204 136804 AB AUTOMATED 5 5 1 - - B YES 
MANUAL 5 5 1 - - B 
205 136769 AB AUTOMATED 5 2 1 - - B YES 
MANUAL 5 2 1 - - B 
206 136766 N AUTOMATED 1 1 1  - - B NO 
MANUAL 1 1 1  - - B 
207 136741 AB AUTOMATED 5 1 1  - CO B YES 
MANUAL 5 1 1   CO B 
208 136745 AB AUTOMATED 1 1 1 - - B YES 
MANUAL 1 1 1 - - B 
209 136707 AB AUTOMATED 3 1 1 - - B YES 
MANUAL 3 1 1 - - B 
210 136699   AUTOMATED 1 1 1 - - B NO 
N MANUAL 1 1 - - - B 
211 136692 AB AUTOMATED 1 5 1 -- - B YES 
MANUAL 1 5 1 - - B 
212 136700 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
213 136691 AB AUTOMATED 5 1 1 - - B YES 
MANUAL 5 1 1 - - B 
214 136703 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
215 136701 AB AUTOMATED 5 1 1 - - B YES 
MANUAL 5 1 1 - - B 
216 138491 N AUTOMATED 1 1 1 HYALINE 
CA 
- B NO 
MANUAL 1 1 1 HYALINE 
CA 
- B 
217 138544 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
218 138572 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
219 138577 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
220 138545   AUTOMATED 1 1 1 - - B NO 
N MANUAL 1 1 1 - - B 
221 138561 AB AUTOMATED 2 1 1   URIC ACID B YES 
MANUAL 2 1 1   URIC ACID B 
222 138525 AB AUTOMATED 4 1 1 - - B YES 
MANUAL 3 1 1 - - B 
223 137447 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
224 138406 AB AUTOMATED 5 5 1 - - B YES 
MANUAL 5 5 1 - - B 
225 138559   AUTOMATED 1 1 1 HYALINE 
CA 
- B NO 
N MANUAL 1 1 1 HYALINE 
CA 
- B 
226 138568 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
227 138569 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
228 138626   AUTOMATED 1 5 1 - - B YES 
AB MANUAL 1 5 1 - - B 
229 138617 AB AUTOMATED 1 2 1 - - B YES 
MANUAL 1 2 1 - - B 
230 138610   AUTOMATED 5 5 1 - - B YES 
AB MANUAL 5 5 1 - - B 
231 138591 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
232 138595 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
233 138411 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
234 138439 AB AUTOMATED 1 5 1 - - B YES 
MANUAL 1 5 1 -   B 
235 138458 AB AUTOMATED 5 5 1 - - B YES 
MANUAL 5 5 1 - - B 
236 138480   AUTOMATED 5 1 1 - - B YES 
AB MANUAL 5 1 1 - - B 
237 138428 AB AUTOMATED 2 2 1  - AMMON.BI B YES 
MANUAL 2 2 1  - AMMON.BI B 
238 138483   AUTOMATED 5 1 1 - - B YES 
AB MANUAL 5 1 1 - - B 
239 138481 AB AUTOMATED 5 1 1 - - B YES 
MANUAL 5 1 1 - - B 
240 138414 AB AUTOMATED 4 1 1 - - B YES 
MANUAL 3 1 1 - - B 
241 138452 AB AUTOMATED 1 5 1 - - B YES 
MANUAL 1 5 1 - - B 
242 138532 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
243 138531 AB AUTOMATED 1 1 1 - - B YES 
MANUAL 1 1 1 - - B 
244 138521 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
245 138507 AB AUTOMATED 2 1 1 - - B YES 
MANUAL 2 1 1 - - B 
246 138478 AB AUTOMATED 3 1 1 - - B YES 
MANUAL 2 1 1 - - B 
247 138438 AB AUTOMATED 1 5 1 - - B YES 
MANUAL 1 5 1 - - B 
248 138492 N AUTOMATED 1 1 1 HYALINE 
CA 
- B NO 
MANUAL 1 1 1 HYALINE 
CA 
- B 
249 138540 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
250 139580 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
251 138990 AB AUTOMATED 2 1 1  - CO B YES 
MANUAL 2 1 1 -  CO B 
252 12 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
253 97 AB AUTOMATED 5 1 1 - - B YES 
MANUAL 5 1 1 - - B 
254 99 AB AUTOMATED 3 2 1 - - B YES 
MANUAL 3 2 1 - - B 
255 123 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
 
 
256 176   AUTOMATED 1 1 1 - - B NO 
N MANUAL 1 1 1 - - B 
  175 N AUTOMATED 1 1 1 HYALINE 
CA 
- B NO 
257 MANUAL 1 1 1 HYALINE 
CA 
- B 
258 174 AB AUTOMATED 5 1 1 - - B YES 
MANUAL 5 1 1 - - B 
259 173 AB AUTOMATED 2 1 1 - - B YES 
MANUAL 2 1 1 - - B 
260 171 AB AUTOMATED 4 1 1 - - B YES 
MANUAL 4 1 1 - - B 
261 191 N AUTOMATED 4 1 1 - - B NO 
MANUAL 4 1 1 - - B 
262 190 AB AUTOMATED 5 1 1 - - B YES 
MANUAL 5 1 1 - - B 
263 198 N AUTOMATED 1 1 1 HYALINE 
CA 
- B NO 
MANUAL 1 1 1 HYALINE 
CA 
- B 
264 226 AB AUTOMATED 5 5 1 - - B YES 
MANUAL 5 5 1 - - B 
265 256 AB AUTOMATED 5 5 1   CO B YES 
MANUAL 5 5 1   CO B 
266 402   AUTOMATED 5 1 1 - - B YES 
AB MANUAL 5 1 1 - - B 
267 366 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
268 387 AB AUTOMATED 5 1 1 - - B YES 
MANUAL 5 1 1 - - B 
269 409 AB AUTOMATED 1 2 1 - - B YES 
MANUAL 1 2 1 - - B 
270 395   AUTOMATED 3 4 1 - - B YES 
AB MANUAL 3 5 1 - - B 
271 414   AUTOMATED 3 1 1 - - B YES 
AB MANUAL 3 1 1 - - B 
272 425 AB AUTOMATED 5 5 1 - - B YES 
MANUAL 5 5 1 - - B 
273 434 AB AUTOMATED 3 1 1 - - B YES 
MANUAL 2 1 1 - - B 
274 447 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
275 496 AB AUTOMATED 5 1 1 - - B YES 
MANUAL 5 1 1 - - B 
  493 AB AUTOMATED 1 3 1 - - B YES 
276 MANUAL 1 3 1 - - B 
277 492 N AUTOMATED 1 3 1 - - B NO 
MANUAL 1 3 1 - - B 
278 499 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
279 504 AB AUTOMATED 5 5 1 - - B YES 
MANUAL 5 5 1 - - B 
280 503   AUTOMATED 1 1 1  - TP B YES 
AB MANUAL 1 1 1  - TP B 
281 449 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
282 509   AUTOMATED 1 1 1 HYALINE 
CA 
- B NO 
N MANUAL 1 1 1 HYALINE 
CA 
- B 
  533 AB AUTOMATED 5 1 1 - - B YES 
283 MANUAL 5 1 1 - - B 
284 561 AB AUTOMATED 5 1 1 - - B YES 
MANUAL 5 1 1 - - B 
285 578   AUTOMATED 5 1 1 - - B YES 
AB MANUAL 4 1 1 - - B 
286 589 AB AUTOMATED 5 5 1 - - B YES 
MANUAL 2 5 1 - - B 
287 590 AB AUTOMATED 5 2 1 - - B YES 
MANUAL 5 2 1 - - B 
288 643 AB AUTOMATED 2 1 1 - - B YES 
MANUAL 2 1 1 - - B 
  642   AUTOMATED 2 1 1 - - B YES 
289 AB MANUAL 2 1 1 - - B 
290 687 AB AUTOMATED 1 3 1 - - B YES 
MANUAL 1 3 1 - - B 
291 866   AUTOMATED 1 1 1  - CO B YES 
AB MANUAL 1 1 1 -  CO B 
292 865 AB AUTOMATED 1 1 1 - - B YES 
MANUAL 1 1 1 - - B 
293 864 AB AUTOMATED 4 1 1 - - B YES 
MANUAL 4 1 1 - - B 
294 856 AB AUTOMATED 5 5 1 - - B YES 
MANUAL 5 5 1 - - B 
295 868 AB AUTOMATED 3 1 1 - - B YES 
MANUAL 3 1 1  - CO B 
296 869 AB AUTOMATED 4 1 1 -  CO B YES 
MANUAL 3 1 1 - - B 
297 879 AB AUTOMATED 5 4 1 - - B YES 
MANUAL 5 4 1 - - B 
298 887   AUTOMATED 1 1 1 - - B YES 
AB MANUAL 1 1 1 - - B 
299 853 AB AUTOMATED 2 1 1 - - B YES 
MANUAL 1 1 1 - - B 
300 928 AB AUTOMATED 5 1 1 - - B YES 
MANUAL 5 1 1 - - B 
301 1149 AB AUTOMATED 4 1 1 - - B YES 
MANUAL 3 1 1 - - B 
302 1143 AB AUTOMATED 2 2 1  - TP B YES 
MANUAL 2 2 1 -  TP B 
303 1115 AB AUTOMATED 4 1 1 - - B YES 
MANUAL 4 1 1 - - B 
304 1114 N AUTOMATED 1 2 1 - - B NO 
MANUAL 1 1 1 - - B 
305 1107   AUTOMATED 4 4 1 - - B YES 
AB MANUAL 4 4 1 - - B 
306 1105 AB AUTOMATED 5 1 1 - - B YES 
MANUAL 5 1 1 - - B 
307 1101 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
 308 1088 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
  1063   AUTOMATED 1 1 1 - - B NO 
309 N MANUAL 1 1 1 - - B 
310 1068   AUTOMATED 1 1 1 - - B NO 
N MANUAL 1 1 1 - - B 
311 1057   AUTOMATED 1 5 1 - - B YES 
AB MANUAL 1 5 1 - - B 
312 1049   AUTOMATED 1 5 1 - - B YES 
AB MANUAL 1 5 1 - - B 
313 924 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
314 1039   AUTOMATED 1 1 1 - - B NO 
AB MANUAL 1 1 1 - - B 
315 1029 AB AUTOMATED 5 5 1 - - B YES 
MANUAL 5 5 1 - - B 
316 1028 AB AUTOMATED 1 3 1  - URIC ACID B YES 
MANUAL 1 2 1 -  URIC ACID B 
317 998 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
318 1022 AB AUTOMATED 4 1 1 - - B YES 
MANUAL 2 1 1 - - B 
319 955   AUTOMATED 2 1 1 - - B YES 
AB MANUAL 2 1 1 - - B 
320 994 AB AUTOMATED 2 1 1 - - B YES 
MANUAL 2 1 1 - - B 
321 1568   AUTOMATED 1 2 1 HYALINE 
CA 
- B NO 
N MANUAL 1 2 1 HYALINE 
CA 
- B 
322 1577 AB AUTOMATED 4 1 1 - - B YES 
MANUAL 4 1 1 - - B 
323 1590   AUTOMATED 1 3 1 - - B NO 
N MANUAL 1 2 1 - - B 
324 1583   AUTOMATED 4 1 1 - - B YES 
AB MANUAL 4 1 1 - - B 
325 1548   AUTOMATED 1 1 1 - - B NO 
N MANUAL 1 1 1 - - B 
326 1534 AB AUTOMATED 5 4 1 - - B YES 
MANUAL 4 4 1 - - B 
327 1543 AB AUTOMATED 1 1 1 - - B YES 
MANUAL 1 1 1 - - B 
328 1599   AUTOMATED 1 1 1 - - B NO 
AB MANUAL 1 1 1 - - B 
329 1608 AB AUTOMATED 5 1 1 - - B YES 
MANUAL 5 1 1 - - B 
330 1625 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
331 1836 AB AUTOMATED 5 1 1 - - B YES 
MANUAL 5 1 1 - - B 
332 1864   AUTOMATED 2 5 1 - - B YES 
AB MANUAL 1 5 1 - - B 
 
333 1877 AB AUTOMATED 5 1 1 - - B YES 
MANUAL 5 1 1 - - B 
334 1873 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
335 1871 AB AUTOMATED 5 5 1 - - B YES 
MANUAL 5 5 1 - - B 
336 1869 AB AUTOMATED 1 1 1 - - B YES 
MANUAL 1 1 1 - - B 
337 1868   AUTOMATED 5 1 1 - - B YES 
AB MANUAL 5 1 1 - - B 
338 1867 AB AUTOMATED 4 2 1 - - B YES 
MANUAL 4 2 1 - - B 
339 1819 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
340 1762   AUTOMATED 5 1 1 - - B YES 
AB MANUAL 5 1 1 - - B 
341 2359 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
342 2330 AB AUTOMATED 5 5 1 - - B YES 
MANUAL 5 5 1 - - B 
343 2279 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
344 2268 N AUTOMATED 1 5 1 - - B NO 
MANUAL 1 5 1 - - B 
  2263 AB AUTOMATED 1 5 1 - - B YES 
345 MANUAL 1 5 1 - - B 
346 2257 AB AUTOMATED 3 3 1 - - B YES 
MANUAL 3 3 1 -   B 
347 2245 N AUTOMATED 1 2 1 - - B NO 
MANUAL 1 1 1 - - B 
348 2212 AB AUTOMATED 5 2 1 - - B YES 
MANUAL 4 1 1 - - B 
349 2203 AB AUTOMATED 4 3 1 - - B YES 
MANUAL 4 3 1 - - B 
350 2209 AB AUTOMATED 5 1 1 - - B YES 
MANUAL 5 1 1 - - B 
351 2240 AB AUTOMATED 5 2 1 - - B YES 
MANUAL 5 2 - - - B 
352 1733 AB AUTOMATED 5 1 1 - - B YES 
MANUAL 5 1 1 - - B 
353 2133 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
354 2171 AB AUTOMATED 3 5 1 - - B YES 
MANUAL 3 5 1 - - B 
355 2192   AUTOMATED 4 1 1 - - B YES 
AB MANUAL 5 1 1 - - B 
356 2166 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
357 2161 AB AUTOMATED 5 1 1 - - B YES 
MANUAL 4 1 1 - - B 
358 2147 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
 
359 2031 AB AUTOMATED 3 2 1 - - B YES 
MANUAL 3 2 1 WAXY 
CAST 
- B 
360 2059   AUTOMATED 5 5 1 - - B YES 
AB MANUAL 5 5 1 - - B 
361 2825 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
362 2795 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
363 2799 AB AUTOMATED 1 2 1 HYALINE 
CA 
- B NO 
MANUAL 1 2 1 HYALINE 
CA 
- B 
364 2780   AUTOMATED 3 1 1 - - B NO 
AB MANUAL 2 1 1 - - B 
365 2771 N AUTOMATED 1 3 1 - - B NO 
MANUAL 1 2 1 - - B 
366 2738 AB AUTOMATED 5 5 1 - - B YES 
MANUAL 5 5 1 - - B 
367 2758 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
  2744   AUTOMATED 5 1 1 GRAN.CAST - B YES 
368 AB MANUAL 5 1 1 GRAN.CAST - B 
369 2759 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
370 2731 N AUTOMATED 3 1 1 - - B YES 
MANUAL 2 1 1 - - B 
371 2722 N AUTOMATED 5 5 1 - - B NO 
MANUAL 5 5 1 - - B 
372 2705 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
373 2719   AUTOMATED 5 5 1 - - B,Y YES 
AB MANUAL 5 5 1 - - B,Y 
374 2733 AB AUTOMATED 5 5 1 - - B YES 
MANUAL 5 5 1 - - B 
375 2700 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
376 2697   AUTOMATED 1 1 1 - - B NO 
AB MANUAL 1 1 1 - - B 
377 2688 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
378 2696 N AUTOMATED 3 1 1 - - B NO 
MANUAL 3 1 1 - - B 
379 2653   AUTOMATED 3 5 1 - - B YES 
AB MANUAL 3 5 1 - - B 
380 2717 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
381 3341 AB AUTOMATED 3 5 1 - - B YES 
MANUAL 5 1 1 - - B 
382 3314 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
  3305 AB AUTOMATED 5 5 1 - - B YES 
383 MANUAL 5 5 1 - - B 
384 3275 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 -- - B 
385 3278 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
386 3272 AB AUTOMATED 5 5 1 - - B YES 
MANUAL 5 5 1 - - B 
387 3303 AB AUTOMATED 1 1 1 HYALINE 
CAST 
- B NO 
MANUAL 1 1 1 HYALINE 
CAST 
- B 
388 3265 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
389 3245 AB AUTOMATED 5 5 1 - - B YES 
MANUAL 5 5 1 - - B 
390 3247 AB AUTOMATED 1 5 1 - - B NO 
MANUAL 1 5 1 - - B 
391 3211 AB AUTOMATED 1 1 1 HYALINE 
CA 
- B NO 
MANUAL 1 1 1 HYALINE 
CA 
- B 
392 3209 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
393 3196 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
394 3202 AB AUTOMATED 1 5 1 - - B NO 
MANUAL 1 3 1 - - B 
395 3195 AB AUTOMATED 1 1 1 HYALINE 
CA 
- B NO 
MANUAL 1 1 1 HYALINE 
CA 
- B 
396 3175 AB AUTOMATED 5 5 1 - - B YES 
MANUAL 5 5 1 - - B 
397 3180 AB AUTOMATED 1 5 1 - - B NO 
MANUAL 1 5 1 - - B 
398 3189 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
399 3157 AB AUTOMATED 1 5 1 - - B NO 
MANUAL 1 5 1 - - B 
400 3154 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
401 3878 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
402 3844 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
403 3820 AB AUTOMATED 5 2 1 - - B YES 
MANUAL 5 2 1 - - B 
404 3832 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
405 3809 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
406 3746 AB AUTOMATED 1 1 1 HYALINE 
CA 
- B NO 
MANUAL 1 1 1 HYALINE 
CA 
- B 
407 3700 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
408 3687 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
409 3668 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
 
410 150594 AB AUTOMATED 1 2 1 - - B NO 
MANUAL 1 2 1 - - B 
411 4321 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
412 4285 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
413 4279 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
414 4263   AUTOMATED 1 2 1 - - B NO 
AB MANUAL 1 1 1 - - B 
415 4251 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 2 1 - - B 
416 4235 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
417 4202 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
418 4210 AB AUTOMATED 5 5 1 - - B YES 
MANUAL 5 5 1 - - B 
419 4201 AB AUTOMATED 3 1 1 - - B NO 
MANUAL 1 1 1 - - B 
420 4193 AB AUTOMATED 1 3 1 - - B NO 
MANUAL 1 3 1 - - B 
421 4173 AB AUTOMATED 5 2 1  - CO B YES 
MANUAL 5 2 1 -  CO B 
422 4133 AB AUTOMATED 1 5 1 - - B NO 
MANUAL 1 5 1 - - B 
423 4124 AB AUTOMATED 1 1 1 HYALINE 
CA 
- B NO 
MANUAL 1 1 1 HYALINE 
CA 
- B 
424 4197 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
425 4182 AB AUTOMATED 3 2 1 - - B NO 
MANUAL 3 2 1 - - B 
426 4196 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
427 4194 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
428 4187 AB AUTOMATED 2 1 1 - - B NO 
MANUAL 2 1 1 - - B 
429 4185 AB AUTOMATED 3 1 1 - - B NO 
MANUAL 1 1 1 - - B 
430 4146 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
431 4502 AB AUTOMATED 5 4 1 - - B YES 
MANUAL 5 4 1 - - B 
432 4499 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
433 4497 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
434 4498 AB AUTOMATED 2 5 1 - - B NO 
MANUAL 2 5 1 - - B 
435 4490 AB AUTOMATED 5 1 1 - - B YES 
MANUAL 5 1 1 - - B 
 436 4443 AB AUTOMATED 5 5 1 - - B YES 
MANUAL 5 5 1 - - B 
437 4478 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
438 4475 AB AUTOMATED 5 5 1 - - B YES 
MANUAL 5 5 1 - - B 
439 4475 AB AUTOMATED 2 1 1 - - B NO 
MANUAL 2 1 1 - - B 
440 5113 AB AUTOMATED 1 1 1 - - B,Y NO 
MANUAL 1 1 1 - - B,Y 
441 5111 AB AUTOMATED 1 5 1 - - B NO 
MANUAL 1 5 1 - - B 
442 5043 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
443 4979 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
444 5021 AB AUTOMATED 4 5 1 - - B YES 
MANUAL 4 5 1 - - B 
445 5011 AB AUTOMATED 4 1 1 - - B NO 
MANUAL 4 1 1 - - B 
446 5008 AB AUTOMATED 1 5 1 - - B NO 
MANUAL 1 5 1 - - B 
447 5006 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
448 4988 AB AUTOMATED 1 1 1 HYALINE 
CAST 
- B NO 
MANUAL 1 1 1 HYALINE 
CAST 
- B 
449 4964 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
450 4972 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
451 4959 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
  4921 AB AUTOMATED 1 2 1 - - B NO 
452 MANUAL 1 2 1 - - B 
453 4949 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
  4904 AB AUTOMATED 4 1 1 -  AMMON.BI B YES 
454 MANUAL 3 1 1 -  AMMON.BI B 
455 4929 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
  4932 AB AUTOMATED 1 1 1 - - B NO 
456 MANUAL 1 1 1 - - B 
  4883 AB AUTOMATED 5 1 1   CO B YES 
457 MANUAL 5 1 1   CO B 
458 4891 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
459 4855 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
460 4829 AB AUTOMATED 1 2 1 - - B NO 
MANUAL 1 2 1 - - B 
 
461 5819 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
462 5805 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
463 5656 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
464 5795 AB AUTOMATED 1 5 1 - - B NO 
MANUAL 1 5 1 - - B 
465 5808 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
466 5768 AB AUTOMATED 5 1 1 - - B NO 
MANUAL 5 1 1 - - B 
467 5757 N AUTOMATED 1 4 1 - - B NO 
MANUAL 1 4 1 - - B 
468 5744 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
469 5743 AB AUTOMATED 5 5 1 - - B YES 
MANUAL 5 5 1 - - B 
470 5706 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
471 5710 AB AUTOMATED 2 1 1 - - B NO 
MANUAL 2 1 1 - - B 
472 5660 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
473 5674 AB AUTOMATED 1 5 1 - - B NO 
MANUAL 1 5 1 - - B 
474 5659 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
475 5645 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
476 6606 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
477 6616 AB AUTOMATED 3 1 1   CO B YES 
MANUAL 3 1 1   CO B 
478 6597 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
479 6607 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
480 6596 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
481 6585 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
482 6547 AB AUTOMATED 1 5 1 HYALINE 
CA 
- B NO 
MANUAL 1 5 1 HYALINE 
CA 
- B 
483 6543 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
484 6530 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
485 6545 N AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
486 6462 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
 487 6497 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
488 6399 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
489 6400 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
490 6445 AB AUTOMATED 1 1 - - - B NO 
MANUAL 1 1 - - - B 
491 6699 AB AUTOMATED 1 3 1 - - B NO 
MANUAL 1 2 1 - - B 
492 6694 AB AUTOMATED 1 1 - - - B NO 
MANUAL 1 1 - - - B 
493 6729 AB AUTOMATED 5 5 1 - - B YES 
MANUAL 5 5 1 - - B 
494 6727 AB AUTOMATED 2 1 1 - CHOL.CRYST B YES 
MANUAL 2 1 1 - CHOL.CRYST B 
495 6727 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
496 6741 N AUTOMATED 1 1 - HYALINE 
CA 
- B NO 
MANUAL 1 1 - HYALINE 
CA 
- B 
497 6769 AB AUTOMATED 1 1 1 - - B NO 
MANUAL 1 1 1 - - B 
498 6770 AB AUTOMATED 3 1 1  - CO B YES 
MANUAL 2 1 1 -  CO B 
499 6773 AB AUTOMATED 5 5 1 - - B YES 
MANUAL 5 5 1 - - B 
500 9776 AB AUTOMATED 2 2 - - SULFA 
CRYSTALS 
B YES 
MANUAL 2 1 - - SULFA 
CRYSTALS 
B 
 
RBC   - Red blood cell 
WBC   - White blood cell 
AB   - Abnormal 
N   - Normal 
Hyaline.CA  - Hyaline cast 
CAL.CARB  - Calcium carbonate  
CO   - Calcium oxalate 
AMMON.BI  - Ammonium biurate 
GRAN.CAST   - Granular cast 
TP   - Triple phosphate 
CHOL.CRYST  - Cholesterol crystal   
AU   - Amorphous urates 
LPF   - Low power field 
HPF   - High power field 
 
